The BTG1 (B cell translocation gene 1) gene belongs to a family of seven functionally related genes that are involved in the regulation of the cell cycle. We have established that triiodothyronine (T3) accelerates myoblast withdrawal from the cell cycle and stimulates their terminal differentiation. In addition, we showed that, at cell confluence, inhibition of the c-Jun/c-Fos (AP-1) transcriptional activity by the T3 nuclear receptor-ligand complex is a major mechanism involved in the T3 myogenic action. In particular, as AP-1 activity strongly represses BTG1 gene expression, this event leads to the induction of BTG1 at cell confluence, just before the start of myoblast differentiation. In addition, T3 increases the extent of BTG1 localization in the nucleus. Finally, we demonstrated that BTG1 overexpression mimics the myogenic T3 influence by increasing myoblast withdrawal rate from the cell cycle and by stimulating terminal differentiation. Furthermore, using BTG1 mutants, we observed that this influence was induced at the nuclear level. Taking into account the occurrence of two LxxLL sequences in the BTG1 protein, we assessed the possibility that BTG1 could act as a transcriptional coactivator of nuclear receptors. In transient transfection experiments, with a T3RE-CAT reporter gene, we observed that BTG1 coexpression significantly increased the transcriptional activity of T3 receptor a1, a receptor whose overexpression induces a stimulation of myoblast differentiation. However, this stimulation was independent of histone acetylation. Similar results were obtained concerning the transcriptional activity of retinoic acid receptors and PPAR. BTG1, however, did not influence RXR activity. Interestingly, BTG1 also increased the transcriptional activity of the myogenic factors MyoD and Myogenin. Moreover, coimmunoprecipitation and GST pull-down experiments revealed the occurrence of direct interactions between BTG1 and the T3 receptor on one hand, and between BTG1 and MyoD on the other. In addition, it appeared that the AF2 carboxy terminal domain of the T3 receptor and the LxxLL domains of BTG1 play a crucial role in this interaction. Finally, cytoimmunofluorescence data suggest that the interaction of BTG1 with this receptor is involved in the T3 potentiation of BTG1 nuclear localization. In conclusion, these data clearly suggest that BTG1 is a T3 target of crucial importance in the hormone's action in myogenic differentiation, as it increases the transcriptional activity of both myogenic factors and nuclear receptors at the start of differentiation. Introduction: Thyroid hormones play an important role in growth and development of all organs, including heart and skeletal muscle. Postnatally, exercise is also important. We are therefore interested in the interactive effects of exercise and thyroid hormones on growth and differentiation of heart and skeletal muscle. We use H9c2(2-1) cells and C 2 C 12 cells as models, respectively. Methods: C 2 C 12 and H9c2(2-1) cells were grown in 24-and 6-wells culture plates until 70-90% confluence. At day 0, differentiation was induced by switching from high (10%) to lower serum concentration (1-2%). From day 0 to 7, cells were exposed to 5 nM T 3 or 50 nM T 4 . Controls received no T 3 or T 4 . During the course of differentiation, creatine kinase (CK) activity and protein content were measured in the two cell types. DNA content was measured for the H9c2(2-1) cells. Fusion index was determined as a measure for differentiation, also in the presence of T 3 or T 4 . Results: CK activity increased 3.5-fold from day 5 to 7 in H9c2(2-1) cells and 2-fold in C 2 C 12 cells from day 4 to 7. In the two cell types, protein content continued to increase from day 0 to 7 and was not significantly affected by T 3 . During differentiation in H9c2(2-1) cells, DNA content rose and then stabilized between day 4 and 7. In control C 2 C 12 and H9c2(2-1) cells, fusion index on day 7 was 32 and 28%, respectively. These values were increased by T 3 in C 2 C 12 cells to 52% and in H9c2(2-1) cells to 42%. In addition, T 4 increased fusion index in H9c2(2-1) cells to 52%. Conclusions: Both C 2 C 12 and H9c2(2-1) cells show differentiation upon reduction of serum concentration as indicated by the rise in fusion index and CK activity. This process is stimulated by T 3 and T 4 . We will use the C 2 C 12 and H9c2(2-1) models to study the combined effects of electrical or mechanical stimulation and thyroid hormones on the proliferation and differentiation of heart and skeletal muscle.
myogenin, but not CMD1 (avian MyoD) or Myf5 expression. In addition, it abrogates the ability of overexpressed myogenic factors to induce terminal differentiation, thus leading to a differentiation block. Conversely, stimulation of protein synthesis in the organelle by overexpression of the mitochondrial triiodothyronine (T3) receptor (p43) stimulates myogenin expression and terminal differentiation. Study of differential gene expression in control and chloramphenicol treated myoblasts led to the suggestion that c-Myc and calcineurin could be interesting targets involved in the mitochondrial myogenic influence. At the onset of myoblast differentiation, Northern blot experiments confirmed that c-Myc mRNA levels are up-regulated by a chloramphenicol-induced inhibition of mitochondrial activity. Conversely, p43 overexpression induced a significant decrease in this level. Study of mRNA stability led to the conclusion that this influence occurred at the transcriptional level. In addition, we found that, in contrast to murine c-Myc, the avian protein displays a dual localization, cytoplasmic and nuclear. Interestingly, whereas chloramphenicol increased the extent of nuclear localization, T3, the ligand of p43, exerted the opposite influence. Therefore, mitochondrial activity regulates c-Myc activity at transcriptional and post-transcriptional levels. In addition, c-Myc overexpression mimicked all myogenic influences of the organelle: reduction in myogenin but not CMD1 mRNA levels, abrogation of the ability of overexpressed myogenic factors to induce terminal differentiation, potent inhibition of avian myoblast differentiation. Similar experiments also demonstrated that calcineurin mRNA levels are decreased by chloramphenicol, and increased by p43 overexpression in avian myoblasts. As we observed that c-Myc overexpression reduces calcineurin transcripts levels, we suggest that control of this oncogene's expression is involved in this regulation of calcineurin by the organelle activity. In conclusion, these data indicate that c-Myc is an important target involved in the regulation of myoblast differentiation by mitochondrial activity. Furthermore, because calcineurin has been implicated both in terminal differentiation and in the acquisition of the slow contractile feature of muscle fibers, our results bring a new light on the association observed between the metabolic and contractile status of muscle fibers.
I-4: Oral presentation 15 September, 10:45-11:00 Patterns of muscular organogenesis and stem cell migration as revealed by lacZ/GFP double-labelled mouse chimeras D. EBERHARD, S. VOIGT and H. JOCKUSCH Developmental Biology and Molecular Pathology, W7, University of Bielefeld, D-33501 Bielefeld, Germany
The formation of tissues during embryogenesis and maturation of the vertebrate body is governed by patterns of stem cell proliferation, migration and mixing, plus fusion in case of skeletal muscle. Information on these processes can be obtained in chimeric individuals in conjunction with cell labelling. Chimeras can either be produced by embryo aggregation or by tissue or cell transplantation. We have applied these techniques to study patterns of clonal expansion, local cell mixing and stem cell migration using the retrospective method of studying oligoclonal patches recognizable by heritable markers of origin (West, 1999, Curr Top Dev Biol 44: 21-66) or labelled immigrant cells in a non-labelled environment. As cellular label we used transgenes for enhanced jellyfish green fluorescent protein (EGFP) (Ikawa et al., 1999, Curr Top Dev Biol 44: 1-20) and for a desminpromotor driven, nuclear-localized b-galactosidase transgene (nLacZ) (Li et al., 1996, Dev Biol 175: 362-366) . Chimeric patterns of several internal organs (intestine, skin, pancreas) served to validate EGFP as a label in embryo aggregation chimeras. In smooth muscle layers of oesophagus and vas deferens circumferential groups of 1-10/15 myocytes were observed in a chimera with low GFP contribution. In adult and neonatal chimeric hearts distinct patches of cardiomyocytes were observed at all levels of the ventricle. The ventricular myocard of an adult balanced GFP $ 0 chimera was composed of a small number of large patches, with single myocytes 'in diaspora' indicating cell migration at later stages of development. Cardiomyocytes formed transmural, cone-shaped patches often extending through the entire thickness of the ventricular wall (Mikawa et al., 1992, Dev Dyn 195: 133-141 ). In the apex, which consists mainly of thick myocardial wall, the patches form a characteristic 'swirling' pattern. In larger skeletal muscles of adult balanced chimeras, cell markers were more or less homogeneously distributed reflecting extensive mixing during migration and fusion of myogenic cells during organogenesis. However, heterogeneity was observed in an adult chimera with a low contribution (<10%) of the GFP partner, in the muscles along the spine and in extraocular muscles, in agreement with the known oligoclonal origin of the latter. In grafted leg muscles appropriate labelling (Jockusch et al., 2000, J Muscle Res Cell Mot 21: 799-833) revealed immigration of myogenic cells from the host into the graft, and an emigration from the graft into neighbouring host muscle. Thus the potential of long distance (mm range) mixing exists even in adult skeletal muscle. Supported by German Research Foundation (DFG), Graduate Program 231 'Strukturbildungsprozesse'. I-5: Oral presentation 15 September, 11:00-11:15 The proliferative plasticity of skeletal muscle satellite cells Z. YABLONKA-REUVENI Department of Biological Structure, University of Washington, Seattle, WA 98195, USA
We have been investigating the proliferative plasticity of skeletal muscle satellite cells. Satellite cells, situated on the myofiber surface, are the primary source of myogenic precursors in postnatal muscle. During normal growth and maintenance of myofibers the satellite cells undergo a restricted number of proliferative rounds before differentiation commitment, but can produce numerous progeny following a robust muscle injury. The mechanisms governing the magnitude of satellite cell proliferation are unclear. We have demonstrated that selective members of the fibroblast growth factor (FGF) family and hepatocyte growth factor (HGF) regulate the short-term proliferative capacity of satellite cells in isolated myofibers from adult rodents. However, in this culture model the satellite cells rapidly differentiate. In contrast, progeny of satellite cells in myofibers from mice lacking MyoD remain proliferative for a long time. Hence, MyoD may act as a regulatory switch of proliferative plasticity in vivo; the repression of MyoD activity may allow satellite cells to function as self-renewed stem cells while the activation of MyoD may enforce a limited proliferation and rapid differentiation. We have additionally investigated the proliferative potential of satellite cells from very old mice (34-month old). We concluded that satellite cells in myofibers from these old mice are unable to enter short-term proliferation without the addition of FGF2. However, satellite cells from old mice are clonable, proliferate extensively, and produce numerous differentiationable progeny when dissociated from the muscle and cultured in a serumrich/mitogen-rich environment. Hence, satellite cells maintain their stem-like characteristics even at the end of the life span (supported by NIH, USDA and BARD).
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Characterisation of transcriptional mediators of porcine fibre phenotype R.F. BIRRELL and K.C. CHANG Molecular Medicine Laboratory, Department of Veterinary Pathology, Glasgow Vet School, Glasgow G61 1QH, United Kingdom
The GATA and NFAT transcription factor families are large families found in a wide variety of tissue types. Both have been implicated in muscle remodelling and the acquisition and maintenance of muscle fibre phenotype. This study was undertaken to investigate porcine muscle homologues of the GATA and NFAT isoforms found to be important in fibre phenotype in other species. PCR homology cloning was used to isolate GATA and NFAT clones from a neonatal porcine muscle library. The clones were sequenced and found to have high homology to the GATA-2 and NFAT-2 isoforms in other species, respectively. The tissue expression patterns of these novel clones was investigated by Northern-blot hybridisation. This showed that the NFAT isoform was expressed in a muscle-specific manner. This result was further investigated using TaqMan quantitative RT-PCR to determine GATA and NFAT expression levels in a panel of cDNAs extracted from a range of tissues and stages of development. Primary myoblast cultures were transfected with the clones in order to investigate their over-expression on patterns of muscle and fibre-type specific gene expression.
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The triiodothyronine nuclear receptor c-ErbA a1 inhibits MyoD transcriptional activity in myoblasts L. DAURY, M. BUSSON, F. CASAS, C. WRUT-NIAK-CABELLO and G. CABELLO UMR Diffe´renciation Cellulaire et Croissance, INRA, 2 place Viala, 34000 Montpellier, France
We have previously established that triiodothyronine (T3) accelerates avian myoblast withdrawal from the cell cycle and stimulates their terminal differentiation. This revealed conflicting data between in vivo and in vitro experiments as, although T3 reduces the duration of myoblast proliferation, the hormone stimulates muscle development. To conciliate these conflicting results, we searched for other mechanisms involved in maintaining the length of proliferation. Interestingly, repression of the c-Jun/c-Fos (AP-1) transcriptional activity by the T3-nuclear receptor complex, a crucial mechanism in T3's myogenic influence, is only operational just before the induction of myoblast differentiation. In this perspective, since MyoD is involved in myoblast withdrawal from the cell cycle, we studied the possibility that the activity of this myogenic factor could be affected by a c-ErbA a1-dependent mechanism. In transient transfection experiments using a CAT gene reporter under the control of the E-Box containing fragment of the myogenin or b-tropomyosin promoter, we observed that c-ErbA a1 coexpression abolished CMD1 (avian MyoD) transcriptional activity in avian myoblasts. In addition, this action was not T3 dependent. This was also recorded with rat and murine c-ErbA a1, as well as with murine MyoD, thus indicating that such a regulatory mechanism is not restricted to avian species. Similarly, the T3 receptor also inhibited myogenin transcriptional activity. Using truncated forms of c-ErbA a1, we showed that neither the NH2-terminus including the DNA binding domain, nor the receptor's ligand binding domain were involved in this inhibition. However, deletion of the hinge domain removed the receptor's ability to inhibit CMD1 transcriptional activity. Further experiments led us to conclude that mutations introduced in two short basic sequences of the hinge region, similar to those occurring in the basic DNA binding domain of myogenic factors, also eliminated this repressive influence of the T3 receptor. Finally, coimmunoprecipitation and GSTpull-down experiments demonstrated that c-ErbA a1 and CMD1 physically interact. Previous experiments performed by our laboratory revealed that, in proliferative myoblasts, CMD1 restores T3 receptor transcriptional activity through T3 response elements (T3RE) in the absence of RXR. We therefore suggest that the sequestration of CMD1 in a T3RE binding complex during myoblast proliferation contributed to MyoD inactivation. In conclusion, although stimulating differentiation through a MyoDindependent pathway, the T3 receptor could be involved in the preservation of the duration of myoblast proliferation by inhibiting the transcriptional activity of myogenic factors, thus contributing to create the optimal conditions for a proper muscle development.
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Expression of postnatal and prenatal myosin heavy chain isoforms in prenatal porcine skeletal muscle N. DA COSTA and K.C. CHANG Molecular Medicine Laboratory, Department of Veterinary Pathology, Glasgow Vet School, Glasgow G61 1QH, United Kingdom
The distinct patterns of skeletal myosin heavy chain (MyHC) expression in pre-and postnatal stages of development have been widely described in a range of species. In the present study, by making use of TaqMan quantitative real-time RT-PCR, we were able to accurately track and quantify the expression of all six major MyHC isoforms (embryonic, perinatal, slow/I, 2a, 2x and 2b) in the porcine embryo. Samples were analysed from day 14, 21, 35, 49, 63, 77 and 91 of a 115-day gestation. Embryonic, perinatal and slow MyHC mRNA expression was detectable in 21-day-old embryos. Surprisingly some fast postnatal MyHC mRNA isoforms (2a and 2b) were already detectable at 21 days of gestation and all fast postnatal isoforms were detectable by 35 days of gestation. Throughout prenatal development the embryonic MyHC isoform remained the highest expressed although absolute levels of this isoform remained relatively steady. The perinatal MyHC isoform also remained constant throughout gestation although absolute values were considerably lower than the embryonic isoform. All fast postnatal MyHC mRNA isoforms showed an increase in expression over this time period but the magnitudes varied considerably. Together these data provide a comprehensive overview of the MyHC mRNA expression pattern in the prenatal pig.
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Skeletal muscle function and hypertrophy are diminished at old age H. DEGENS 1 and S.E. ALWAYS Muscle weakness has a large impact on the quality of life of elderly people, and to perform activities of daily life an increasing proportion of the available muscle has to be recruited. Also the endurance capacity seems to be affected at advanced age. Here we investigate whether the hypertrophic response is attenuated at old age, and to what extent concomitant improvements in muscle function can be obtained. We used male Fischer 344 (26 months old), and the strain of preference of the National Institute on Aging, Fischer 344 · Brown Norway rats (6, 9 and 33 months old). To induce compensatory hypertrophy of the plantaris muscle, the gastrocnemius and soleus muscles of the left leg were denervated. The right leg served as an internal control. After 2 weeks, isometric contractile properties were determined. Muscle mass declined by $30% between 9 and 26 months (P < 0.001). The increase in the type I myosin heavy chain content with increasing age (P = 0.003), was not accompanied by a significant change in twitch contraction time. Maximal tetanic force (P 0 ) was declined already at 26 months (P = 0.021), but specific tension (N/ cm 2 or N/g) was maintained until 26 months. Fatigue resistance, defined as the force remaining 2 min after the strongest contraction in the test (40 Hz 330 ms trains, once every second), was reduced by $60% at 33 months. Overload induced compensatory hypertrophy at all ages (P < 0.001), although the hypertrophic response was attenuated in 33 months old muscles. Hypertrophy was accompanied by an increase in P 0 (P < 0.001). However, at 33 months the attenuated hypertrophy was accompanied by a decrease rather than an increase in P 0 . Yet, hypertrophy was accompanied by an $25% rise in fatigue resistance at all ages (P = 0.001). In conclusion, aging is associated with a decline in muscle mass and function. Furthermore, induction of hypertrophy at old age might further aggravate the age-associated muscle weakening.
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The presence of developmental and cardiac-a MHC isoforms in developing equine locomotory muscles E.G. DINGBOOM, S. BRONKHORST, C.W. VAN Mammalian skeletal muscle can be subdivided into different fibre types. In a muscle fibre, the myosin heavy chain (MHC) expression pattern depends on the origin of its myogenic precursor cells and on its development stage. With the help of monoclonal antibodies raised against MHC, fibres of equine gluteus medius and semitendinosus muscle were shown to express type I, type IIa and/or type IId MHC. Along with these adult isoforms, two unexpected ones were found to be present. It appeared that a significant number of fibres were shown to co-express either developmental and type IIa MHC or cardiac-a and type I MHC. The existence of these juvenile MHC types is not a new finding, but the occurrence in equine locomotory muscle is. Several studies showed that developmental MHC was present after birth in the masseter and locomotory muscles of small mammals. It is also expressed in fibres of regenerating muscles. The cardiac-a MHC, characteristic for heart atrium, was already found in cranial muscles, like masticatory, extra-ocular and hyoid muscles of small mammals. After birth, muscles assume their normal function and the muscle fibres change in properties while adapting to their new function. The earliest age effect on the muscle fibre type composition in equine locomotory muscles is the disappearance of the juvenile MHC isoform expression. Developmental MHC disappears during the first 10 weeks after birth and almost all the Cardiac-a MHC expression during the first 22 weeks.
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Myosin light chain kinase genetic locus products in maturation of cardiomyocyte contractile machinery T. DUDNAKOVA and V.P. SHIRINSKY Russian Cardiology Research Center, 15A 3rd-Cherepkovskaya Street, Moscow 121552, Russia
Kinase-related protein (KRP) an alternative product of smooth muscle/non-muscle myosin light chain kinase (MLCK) locus in higher vertebrate genome is abundantly expressed in avian embryo cardiomyocytes but not in adult heart (Birukov et al., 1998, J Cell Biochem) suggesting its role in cardiogenesis. Recent evidence also demonstrates the requirement for MLCK enzymatic activity in hypertrophic response of cardiomyocytes (Aoki et al., 2000, Nat Med) . We investigated the involvement of KRP and MLCK in cardiomyocyte differentiation and hypertrophy by elucidating localization and expression of these proteins in cultured chicken embryo cardiomyocytes (CEC). CEC were enzymatically isolated from 7 to 9 day embryos and maintained in M199 medium supplemented with 0.5% fetal bovine serum (FBS). KRP could not be immunolocalized in CEC separately from MLCK due to sequence identity with its C-terminal domain. To circumvent this problem a combination of immunofluorescence with MLCK antibodies and Cy3KRP overlay was used to assess the distribution of both proteins in non-fixed permeabilized cardiomyocytes. Cy3KRP and MLCK antibodies decorated fibrils containing non-muscle myosin IIB (NM IIB). However, main MLCK immunoreactivity colocalized with the Z-lines of nascent sarcomeres counterstained with a-actinin. Neither Cy3KRP nor NM IIB was found in the Z-lines or other parts of sarcomeres. Thus, KRP and MLCK are associated with NM IIB containing structures that are considered scaffolds for the assembly of cardiac myofibrils (Dabiri et al., 1997, PNAS) . Mechanical deformation of CEC or treatment with 25 nM endothelin-1 or 10% FBS lead to 2-2.5 and 1.5-fold increase in KRP and MLCK expression, correspondingly. Since stimuli used exert prodifferentiating and prohypertrophic action on cardiomyocytes the increase in KRP and MLCK expression likely constitutes a part of CEC integral response to such challenges. Based on the knowledge of KRP and MLCK functional features and subcellular localization in CEC the model could be envisioned where these proteins stabilize NM IIB in a filamentous form and control its ATPase activity through phosphorylation. Such regulation could be critical for integrity of presumptive myofibrils and subsequent assembly of sarcomeres. MLCK may provide additional stabilization of Z-lines as an actinbinding protein and/or exert enzymatic regulation of an unidentified myosin II possibly associated with these structures in CEC. Altogether, our results demonstrate that smooth muscle/non-muscle myosin regulatory proteins KRP and MLCK are expressed in cardiomyocytes during development and hypertrophy. They exhibit overlapping and distinct localization patterns within cardiomyocyte contractile machinery and may be essential molecular regulators of sarcomerogenesis.
The horse is one of the few animals kept and bred for its athletic performance and as such an interesting model for human sports performance. An optimally developed musculoskeletal system is vital for the performance of the horse. Very little is known about the development of the equine muscle in the first year of life and whether early training has any beneficiary effects on later performance. In order to address these questions, we performed a study with 38 foals of the Dutch Warmblood Horse. The foals were divided into three groups with different amounts of exercise. At 22 weeks 20 foals were euthanised, the remaining foals were joined in one single group and training was aborted. The gluteus medius and semitendinosus muscle of the foals were biopted at several ages. We investigated several parameters important for the performance of the muscle: the myosin heavy chain (MHC) isoform content, and the oxidative capacity. All these parameters show dramatic changes during aging. An exercise effect was detected in the oxidative capacity of both muscles, but not in the MHC content. From these data we conclude that the two locomotory muscles studied undergo large changes due to growth, our applied exercise protocol had effects on the capillarity of the muscle, but not on the MHC expression. The training effect persisted after training was stopped, indicating that indeed early training can influence some of the muscle characteristics. To investigate whether the expression of the MHC genes are effected on the transcriptional level we isolated (in collaboration with the laboratory of Prof. G. Goldspink) part of the genes encoding the equine MHC isoforms. Currently we are using in situ hybridization experiments to detect any changes in the RNA expression due to exercise. We also want to study other factors known to be important in the early adaptation of muscle to growth and exercise.
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Change of mRNA and protein isoforms in myosin heavy chain of masseter muscle after orthognathic surgery W. HARZER, T. GEDRANGE and M. SCHNEIDER Department of Orthodontics, Department of Maxillo Facial Surgery, Technical University of Dresden, Fetscherstr. 74, D-1307 Dresden, Germany Aim: Orthognathic surgery leads to different muscle function after change of jaw position and occlusion. In an own animal model was shown that the adaptation consist of a shift between myosin heavy chain (MyHC) of fibre type I, II a and II x/d. Aim of the study was the analysis of fibre shift in patients before and 6 month after orthognathic surgery. Material and Methods: In 10 patients with severe mandibular retrognathism (class II) (n = 5) and mandibular prognathism (class III) (n = 5) muscle samples were taken from the anterior and posterior part of the left and right masseter muscle before and 6 month after the operation. A highly sensitive method of the competitive polymerase chain reaction (cPCR) was established to study the mRNA isoform expression of MyHC in muscle fibres. The PCR method identified the NM 000257 and AF111785 cDNA sequences as being specific to type I, II a and II x/d MyHC isoforms. Type I and type II MyHC proteins were separated by SDS-polyacrylamidgel electrophoresis and by Western blot. The relative quantification was carried out by densitometric analysis of SDS-gel. Results: In patients with class II malocclusions the mRNA for type I MyHC (pg/lg) decreased significant (P < 0.001) 6 month after operation. This reduction is more pronounced in the anterior (78.5%) than in the posterior part (62.6%). For type II a and II x/d the reduction in the anterior and posterior part was in the average 75% investigated after surgery. In class III patients the shift in the posterior part was higher than in the anterior region. At the protein level the same shift of reduction for type I MyHC and of type II a and type II x/d was detected. Conclusion: The cPCR and Western blot are suitable methods for detection of functional changes in masseter muscle after orthognathic surgery. The reduction of mRNA and proteins of type I MyHC is an indication for functional deficiency and instability in masseter muscle 6 month after operation.
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The Bcl-2 family proteins in the muscle recovering after denervation atrophy A. Recent evidences suggest that skeletal muscle under particular conditions, may utilize the apoptotic machinery as a tool to adapt its structure and size to new functional demands (Biral et al., 2000, Acta Neuropathol 100: 618-626). The recovering phases that occur after selfreinnervation of denervated muscle appear to be an ideal experimental model to investigate such mechanism. Rat soleus muscle was denervated by crushing the sciatic nerve. In the next 15 days the well-known progressive denervation-induced atrophy took place. At about 15th day, the nerve reestablished the contact with the muscle, which started to progressively recover, as we previously shown (Jakubiec-Puka et al., 1990, Eur. J. Biochem 193: 623-628) . Morphological, ultrastructural, and immunofluorescence analysis of the recovering muscle were performed, particularly between the 5th and 20th day of recovery, i.e., when the rate of increase of muscle mass and fibre dimension was the highest. The presence of some heterogeneity in muscle fibre diameters suggests the occurrence of non-simultaneous reinnervation. Staining with antibodies specific for dystrophin, a-sarcoglican, b-dystroglican and caveolin-3 showed the regular localization of these proteins in the sarcolemma of recovering fibres. Observation by electron microscope revealed the presence of polysomes, mitochondria and endoplasmic reticulum accumulated in the subsarcolemmal region of numerous muscle fibres. In these regions, myosin filaments and small newly formed myofibrils were also evident. Consistently staining with haematoxylin-eosin showed the presence of basophilic rings in the subsarcolemmal region of many large fibres. Thus, protein synthesis appears to be particularly intensive within subsarcolemmal areas of the recovering muscle fibres. Surprisingly, the subsarcolemmal region of large fibres showed a strong reaction with antibodies specific for components of the Bcl-2 family, both pro-and anti-apoptotic. Diversely, no reaction with antibodies specific for caspases (À3, À7 and À9) was detect. Consistently, no morphological signs of apoptosis were found in the recovering muscle. In the following weeks, recovery was completed by the progressive increase of muscle fibre size up to the normal condition, where the ultrastructural aspect, including the subsarcolemmal region, was similar to controls. Importantly, the Bcl-2 proteins were no longer evident in the subsarcolemmal area. The results demonstrate that components of the Bcl-2 family are expressed in non-apoptotic fibres during the recovery after denervation atrophy, particularly in the subsarcolemmal region where intensive anabolic processes occur. Therefore, components of the Bcl-2 family, normally considered as modulators of the apoptotic processes, appear also to play important role in skeletal muscle alabolism. Of the 19 known types of collagen, types I, III, IV and V have been identified in muscle, located in the endomysial layer surrounding each fibre. In animal studies, exercise has been shown to result in remodelling and expansion of the endomysium (Lapier et al., 1995 , J Appl Physiol, 78: 1065 -1069 . We have developed immunohistochemical staining methods to quantify the collagen content of human endomysium. The aim of this study was to investigate the effects of a single bout of high force muscle contractions on the amount of collagen types III and IV in human muscle endomysium. Nine volunteers (five male, four female, mean age 22.9 AE SD 4.4 years) participated in this study, which was approved by the University of Limerick's research ethics committee. Each volunteer performed a series of 100 maximal eccentric muscle contractions of the knee extensor muscles of one randomly selected leg on an isokinetics system. A muscle biopsy was taken 3 days prior to the exercise bout and on days 4 and 22 afterwards. The muscle sample was frozen in liquid nitrogen cooled isopentane, and later sectioned and stained to quantify the amount of collagen types III and IV. Force measurements were recorded and venepuncture blood samples collected from the volunteers pre-exercise and at intervals post-exercise. Muscle force declined by a maximum of 39.2 AE 23.4% (mean AE SD) on day 2 post-exercise and serum CK activity increased on day 4 post-exercise (P < 0.01, repeated measures ANOVA). Both of these results are indicative of temporary repairable muscle fibre damage. Compared to pre-exercise values, collagen type IV levels were not significantly different on day 4 post-exercise, but increased on day 22 post-exercise to 139 AE 42% (mean AE SD) of pre-exercise values (P < 0.05, repeated measures ANOVA). A similar but non-significant trend was observed for collagen type III. These results suggest that an acute bout of high force eccentric muscle contractions results in increased levels of collagen in human muscle endomysium. Calpains are a family of calcium-dependent thiol proteases that target a wide variety of cytoskeletal and regulatory proteins. The three major isoforms known in skeletal muscle are calpain 1 (l calpain), calpain 2 (l calpain) and calpain 3 (p94). The goal of the present study was to explore the location and translocation of calpain 1 (calp1) in skeletal myofibrils. We used electron microscopy and immunobinding assay with a specific anti-calpain 1 antibody. Calp1 is found in a resting state (80 kDa) at the N1-and N2-line level in the I-band of sarcomere. Enrichment of permeabilized fibers with exogenous bovine calp1, in the presence of Ca 2+ ions used in the mM range, shows a specific location of the activated protease (76 kDa) inside Z-line. The calciumdependent process observed after 1 h incubation entails within 24 h Zline clearance and a actinin release, conducting us to involve a actinin as a possible partner to calp1. Our in vitro investigations demonstrated that calp1 interacts with a actinin and precisely within its 10 kDa Cterminal domain, in the absence as in the presence of calcium. An inhibitory effect of phopholipids, namely PIP2, towards calp1-a actinin interaction is also observed and could correspond to a protective role afforded by Z-disk lipids against calpain. Indeed, calp1, stimulated by calcium release during muscular stimulation could allow an uncontrolled proteolytic activity in this compartment. Another putative protein binding calp1 in N1-and N2-line is the giant molecule of titin. Experiments with the 150 kDa native fragment of titin (N1-line), showed that calp1 interacts with titin in N1-line. In conclusion, we demonstrated in this work that the translation of calp1 observed from N1-line to Z-disk imply actin binding proteins in these compartments, namely titin (N1-line) and a actinin (Z-disk). Rhabdomyosarcomas (RMSs) are one of the most common solid tumors of childhood, thought to arise as a consequence of regulatory disruption in growth and differentiation of myogenic precursor cells. Several autocrine loops that regulate these events have been identified in RMS cells. Myostatin, a new member of the transforming growth factor b superfamily, is a negative regulator of skeletal muscle mass. In our study, we report that the human RMS cell line RD expresses myostatin at elevated levels when compared with normal skeletal muscle cells. Interestingly, we found that TPA-induced differentiation of these tumor cells correlates with a decrease in myostatin levels, suggesting an involvement of myostatin in the non-differentiating phenotype of RMS. Moreover, we demonstrated that specific downregulation of myostatin expression in RD cells overexpressing an antisense myostatin construct restores MyoD activity and terminal differentiation. These results indicate that autocrine secretion of myostatin inhibits myogenic differentiation in human RMS cells.
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The relationship between power output and damage of myofibrils in extra-and intrafusal skeletal muscle fibers T. SEENE, M. UMNOVA, P. KAASIK, A. PEHME, E.-M. RISO and K. ALEV Department of Functional Morphology, University of Tartu, U¨likooli Str. 18, 50090 Tartu, Estonia
The aim of the present study was to investigate the effect of power output to damage of myoafibrillar apparatus in different types of extra-and intrafusal skeletal muscle fibers. Male rats of the Wistar strain, 16-17 weeks old, were maintained on a constant diet SDS-RMI (C) 3/8 (SDS, Witham, England). Food and water were given ad libitum. The rats were housed for 12/12 h light/dark period. The rats were assigned to control and exercised. The exercise animals were running on the horizontal treadmill with the speed 35-95 m/min or carried extraweights on the vertical treadmill. The power of exercise was 1.5-4.1 W and the total work was 1-390 kJ. Extrafusal and intrafusal muscle fibers were separated as described earlier (Seene and Alev, 1991, Int J Sports Med 12: 204-207; Seene and Umnova, 1996, Scand J Lab Anim Sci 23: 19-26). One of the typical destructive changes in fast-twitch muscle fibers in short-time maximal intensity exercise is the nidus of local lesions in myofibrils. Low intensity longlasting exercise causes also destruction of myofibrils, characterized by wide sarcoplasm filled spaces between myofibrils. These spaces contain mitochondria in which can be seen a quantity of crtistae and a compact matrix, fragments of T-tubules and fragments of sarcoplasmic reticulum. The ultrastructure of intrafusal muscle fibers and motor endings in the rat's skeletal muscle have some peculiarities. They are expressed by a deficit of static component in motor innervation, as one static nuclear chain intrafusal fiber is devoid of motor innervation, and polyneuronal innervation of the dynamic bag 1 intrafusal fiber with c and b motor axons of appropriate motoneurons. Reduced motor static component and polyneuronal innervation strengthen the influences of the dynamic intrafusal fiber in muscle spindle. Ability of the bag 1 plasma membrane to form finger-like projections in the vicinity of motor axonal terminals establishes more close synaptic contact and quick transmission of information concerning changes of muscle length to the CNS. The bag 1 intrafusal fiber is coinnervated by the b axon together with oxidative type of extrafusal muscle fiber. Comparison of the effect of exhaustive exercise on the ultrastructure of the muscle spindles in fast-and slow-twitch muscles, shows that in slowtwitch muscles intrafusal muscle fibers indicate some signs of destruction of myofibrils and other cell organelles. Intrafusal muscle fibers being located in the slow-twitch muscle adapt themselves to increased activity with a mechanism of response reaction similar to that of extrafusal fibers, although the changes in intrafusal muscle fibers are considerably smaller than those in extrafusal fibers. Skeletal muscle regenerating from a necrotic insult represents an excellent model system for the in vivo study of muscle differentiation. The necrosis stimulates the latent muscle precursor cells, which first form myoblasts, myotubules and in a later stage differentiate into muscle fibers. The changes in contractile proteins and in proteins involved in relaxation occur fairly synchronous and can be characterized by morphological and biochemical methods. So far we have extensively studied the changes in transcription factors, growth factors, the myosin heavy chain isoforms and the sarcoplasmic/endoplasmic reticulum Ca 2+ ATPase (SERCA) isoforms in the soleus and extensor digitorum longus muscles regenerating after notexin-induced necrosis. The present work addresses the regulation of slow myosin heavy chain (MyHCI) and the slow type SERCA2a isoforms. These isoforms follow a similar expression pattern during regeneration and show coordinated expression in the fibers of normal and regenerated muscle. In the ischiadic-denervated soleus muscle, the slow myosin is not expressed during regeneration. In contrast, we found that SERCA2a is well detectable. Injection of plasmids overexpressing mutant Ras proteins is able to mimic the effect of re-innervation, i.e. it restores the expression of slow MyHC in fibers of the ischiadic-denervated and regenerating soleus (Murgia and Serrano et al., 2000, Nature Cell Biol 2: 142-147), but according to our experiments does not induce the slow SERCA2a. Dominant negative Ras inhibits the expression of slow myosin in the normally innervated regenerating soleus muscle (Murgia and Serrano et al., 2000, Nature Cell Biol 2: 142-147) and our experiments show that only a few of these fibers are lacking SERCA2a. In the hind limb, both the selectively denervated and regenerating soleus muscle and the dominant Ras expressing fibers are passively moved. The selectively denervated and regenerating soleus expresses the slow SERCA2a in virtually every fiber, but a number of those fibers lack the corresponding slow myosin. This shows that the expression of SERCA2a is not directly stimulated by innervation, but rather by the passive movement to which the fiber is exposed. Apparently Ras is not a common regulator of the slow myosin heavy chain and slow SERCA2a.
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Differential speed of the ossification and development of the muscles in the hindlimb of Rana temporaria tadpoles B. ZAWADOWSKA and J. FABER Department of Cytology and Histology, Institute of Zoology, Jagiellonian University, ul. Ingardena 6, 30-060 Krako´w, Poland
Formation of muscles and bones are tightly interconnected. In earlier studies we have investigated the development of the hindlimb muscles Rana temporaria. As a continuation of these studies the development of the hindlimb bones have been investigated. Rana temporaria is a typical jumping frog. Jumping species exhibit a short ligament between the pelvic girdle and the vertebral column running from the ilium to the sacral diapophysis. Jumping species are furthermore characterized by the fact that their hindlimbs can be longer than their body. In the present study the development of the hindlimb bones from the stage of bud formation till the stage of the mature leg was investigated. The table for staging anuran larvae by Gosner (Gosner, 1960, Herpetologica 16: 183-190 ) was used. Ossification was studied using scanning electron microscopy combined with X-ray microanalysis. Sulfur (S) was used as the characteristic element for cartilage and phosphorus (P) as the one for bone. The change of the ratio P/S served as indicator of the progress of ossification. The amount of elements was calculated according to the amount of X-rays generated by P and S of the sample after electron beam interaction. In stage 26 and 30 the hindlimb bud has a conical shape which flattens till stage 33. From stage 26 to stage 33 the average P/S ratio increased from 0.48 till 1.12. After stage 34 when a division into thigh and shank was observed the P/S ratios were measured separately for the bones of these two parts of leg. Ossification was faster in tibia and tibula than in femur till stage 44 and 45. The P/S ratio at stage 40 was 11.42 for femur and 18.64 for shank bones, respectively, and at stage 42 it was 26.86 for femur and 47.27 for shank bones, respectively. Thereafter ossification started to be faster in femur than in tibia and fibula and in the last stage of development (stage 46) the ratio P/S was 238.84 for femur and 125.60 for tibiafibula, respectively. These differences in ossification could be an effect of the fusion of the tibia and fibula into one bone called tibiafibula during the final stages. These developments were paralleled by a considerable reduction of the portion of slow fibers in hindlimbs muscles. Raising the temperature of relaxed rabbit skeletal muscle from $5 to $20°C has been shown to enhance the helical organisation of the myosin heads. In addition, the intensities of the 10 and 11 equatorial X-ray reflections change. We studied the time course of these changes by Joule temperature jump (T-jump) combined with time resolved Xray diffraction on beam line 16.1 of the SRS (Daresbury Laboratory, UK) using the RAPID 2D detector. The movement of the heads towards the organised helical structure of the myosin filaments (seen as an enhancement of the off-meridional myosin layer lines) occurs at the same fast rate as the change in the intensity of the equatorials (400-500 s )1 at 30-36°C), indicating that they both are a result of the same process. The change in the intensities of the equatorial reflections cannot be explained simply in terms of the movement of the myosin heads towards the backbone of the thick filaments. Electron micrographs of transverse sections of cryofixed relaxed muscle fibres captured in 50-70 ms after the T-jumps show that in addition to the reorganisation of the heads, the thin filaments are less constrained to their trigonal position in the hexagonal filament lattice. Image averaging and statistical analysis of lattice disorder suggest that in the warmer muscle the thin and the thick filaments are significantly more disordered than in the cold lattice. We suggest that the thin filaments in the cold muscle are 'boxed' into their positions by the Brownian motion of the disordered myosin heads. In the warmer muscle the ordered heads leave the thin filaments more room to move around so that sometimes they are closer to thick filaments than in the ideal lattice. Comparison of the X-ray diffraction and electron microscopy data obtained in the same conditions therefore suggests that the changes in the equatorial intensities brought about by heating are associated not only with the movement of the myosin heads from the thick to the thin filaments, but are very dependent on the degree of lattice disorder. As we have already shown, the increase in force produced by contracting muscle fibres subjected to an elevation of temperature is accompanied by a significant enhancement of the first (A1; Bershitsky et al., 1997) and the sixth (A6; Tsaturyan et al., 1999) actin layer lines. This was interpreted as a transition of non-stereospecific cross-bridge attachment to stereospecific binding resulting in force generation. This hypothesis was tested by measuring the time course of these structural changes during tension rise initiated by 1-2 ms temperature jump. The T-jumps from $5 to $30°C in three-fibre bundles from rabbit psoas muscle led to a 2.3-fold tension rise with a half-time of 4-5 ms. 2D Xray diffraction patterns were recorded at the beamline 16.1 of the SRS (Daresbury Laboratory, UK) with the RAPID detector. Data from 675 runs of the T-jump protocol in 22 bundles were averaged. The enhancement of the A1 and A6, measured with 1 ms time resolution, occurred simultaneously with the tension rise demonstrating a tight correlation between the transition in actin-myosin binding and the force-generating process. In contrast, the intensity of the third myosin meridional reflection (IM3) did not change for the first 5 ms after the T-jump, although IM3 had increased by 70% at the plateau of contraction at the warmer temperature. This reflection, sensitive to axial cross-bridge movement and considered to be a direct indicator of force-generating structural changes in myosin heads (Irving et al., 1992 (Irving et al., , 2002 , is shown here not to coincide with force development. Speculatively, the effect on IM3 by tilting of force-generating crossbridges away from the perpendicular is offset during the first few milliseconds by the opposing effect of recruitment of initially detached cross-bridges. The possibility that the absence of changes in IM3 early in the protocol could be due to an axial disordering effect was tested in similar experiments carried out at beamline ID02A (ESRF, Grenoble). The improved beam characteristics resulted in better spatial resolution and signal-to-noise ratio. The X-ray diffraction patterns were collected with a CCD detector for 16 ms during steady contraction before and after the T-jump, and for 6.4 ms just after the T-jump. The radial distribution of IM3 did not change during the protocol, ruling out an axial disordering effect as an interpretation for the delay in the rise in IM3.
The The effect of temperature on isometric tension was studied in bovine myocardium with and without regulatory proteins Tm and Tn using thin filament-removal and -reconstitution technique (Fujita et al., 2002, Biophys J 82: 915-928) . In control bovine myocardium, isometric tension increased linearly in the range 5-40°C as has been observed previously by many investigators. Isometric tension relative to that at 20°C in control bovine myocardium was 0.65 (10°C) and 1.28 (30°C). In actin filament-reconstituted myocardium without Tm or Tn, the temperature effect on isometric tension was much less or absent. Isometric tension in actin filament-reconstituted myocardium was 0.96 (10°C) and 1.17 (30°C). Temperature dependence of isometric tension regained the original relation by reconstitution of regulatory proteins. The temperature dependence of the apparent rate constant 2pb (phase 3 of tension transients) and 2pc (phase 2) was also studied in the presence and absence of regulatory proteins using sinusoidal analysis. The temperature dependence of 2pb did not differ much in the presence and absence of regulatory proteins. However, the temperature effect of 2pc was larger in the absence of regulatory proteins than in their presence, and it regained the control relationship by reconstitution of regulatory proteins. These results indicate that regulatory proteins modulate the temperature dependence of actomyosin interaction by changing the actin conformation so as to make more stereospecific and hydrophobic interaction between actin and myosin molecules possible. ). The chemical kinetic measurements were carried out by two methods: rapid-quench-flow (chemical sampling) and fluorescence stopped-flow (free P i by the phosphate binding protein (Brune et al., 1994, Biochemistry 33: 8262-8271) . These techniques allowed us to measure specific steps of the myosin head ATPase: ATP binding and cleavage, free P i release, and ATP-induced acto-myosin dissociation. We also measured the energies of activation of the different myofibrillar ATPases. To study myofibril shortening, sarcomere length was determined online using a fast Fourier transform on an acquired video image (Sarco system, Lyon, France). Our data reveal significant differences between slow and fast myofibrils suggesting differences of mechanochemical coupling between muscle types.
II
Bogdan Ahnak, a 700-kDa protein, is expressed in a variety of cells and has been implicated in distinct cell-type specific functions. Recently, we described that ahnak is located to the plasma membrane of cardiomyocytes and that its C-terminal 382 amino acid residues (ahnak-C2) bind to the regulatory subunit of L-type Ca 2+ channels as well as to F-actin. We now report that myocytes from rat heart, but not that from skeletal muscle, contain an endogenous C-terminal ahnak fragment of approximately 40 kDa. This cardiac-specific ahnak fragment was localized to myofibrillar structures by biochemical copurification and immunofluorescence microscopy. It was observed in the I-band as well as Z-band and intercalated disks of rat and human cardiac cryosections. Using ahnak-C2 as GST-fusion protein, we elucidated potential effects of this ahnak fragment on muscle contractility of demembranated skeletal muscle fibers. In vitro binding assays revealed that ahnak-C2 bound specifically to the fiber preparations. Cosedimentation of ahnak-C2 with muscle F-actin showed strong interaction with a saturation of binding of ahnak-C2 to actin at a molar ratio of 1:4.
Incubation of demembranated skeletal muscle fibers with 1 lM ahnak-C2 prevented the decline in contractility between the first and second contraction cycle which was observed under control condition. Our results suggest that ahnak-C2 stabilizes muscle contractility via its interaction with actin of thin filaments. in the range of )0.6 to +1.2% of the sarcomere length, at which the fibre was brought in rigor (2.15-2.20 lm). While the stiffness of the relaxed fibre proved to be independent of the strain on the fibre, the stiffness of both the 'low' and 'high' rigor fibre is highly dependent on strain. Stiffness proved to be constant from 2 ms after the length change, while tension creeps until at least 80 ms after the stretch. The dependence of the stiffness in the two rigor states showed a remarkable difference. In the 'low' rigor stiffness increases up to 0.8% length change. A further increase in stretch results in a slight decrease of stiffness. This result is consistent with non-pushing cross-bridges at negative strain and detachment of the cross-bridges at larger stretched lengths. The effect proved to be independent of the probing frequency and of temperature. When the fibre was reset to its original length the stiffness proved to be significantly lower than the original one. This could not be assigned to run-down, as the stiffness returned closely to the original value after a relaxation of the fibre and bringing again in rigor. When the fibre was in the 'high' rigor state the stiffness fell already after a length change of atmost 0.2%. This result indicates that the distribution of the 'high' rigor cross-bridges is filled to larger crossbridge lengths. Therefore they detach at smaller stretches. From the maximal length of the cross-bridge estimated from the stiffness measurements and the change in Gibbs free energy by splitting one ATP-molecule the fraction of force generating cross-bridges can be estimated. In general, dependent on the type of preparation, temperature, etc., we estimated that during a maximal isometric contraction 10-30% of the cross-bridges are in the force bearing state.
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The swinging cross-bridge creeps Tension responses on small length changes of skinned frog fibres can be described by an elastic impedance of the half-sarcomere, that consists of an in-phase, springlike, and an out-of-phase, frictional component. In terms of frequency, in the rigor and the relaxed state both components increase with frequency. The out-of-phase component systematically rises almost with the square root of frequency, whereas the in-phase component deviates from this square root at lower frequencies (<1 kHz) and tends to be constant. At frequencies above 10 kHz often the rate of increase of both components decreases slowly. We devised a simulation program that enabled us to calculate the tension response for a given length change record and compare the result with the observed tension response. In the simulation program density of the fibre and drag of the surrounding fluid were taken into account. Compliance of the half-sarcomere was taken to reside in the actin filaments and in the cross-bridges. Excellent agreement between simulation and experiment could be reached over the first 5 ms (sampling rate 200 kHz) if the cross-bridge was supposed to consist of a purely elastic component (E xb ) in parallel with an impedance (P xb ) proportional to the square root of frequency, that probably represents creep. The actin filament was taken as purely elastic (represented by E a ). Simulation over longer periods (80 ms) revealed an extra tension relaxation that accounted for 5-10% of the tension change at the end of the records. The relaxation time was difficult to determine and was set to a fixed value of 50 ms. In the rigor state, stiffness of the fibre depends on strain. Evaluation of the parameters in experiments that comprised strain variation showed that for the rigor state P xb is linearly related to the square root of E xb , whereas E a is constant. The relation between P xb and E xb indicates that for the cross-bridge the component of tension due to creep is inversely proportional to the square root of its extension. Analysis of measurements with the relaxed fibre at different ionic strengths show that a similar creep is present. This suggests that creep is inherent to the cross-bridge and that as such it has to be taken into account in thermodynamic modelling of the cross-bridge cycle.
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Yield strength of actin filaments in vivo is definitely higher than in vitro E. GRAZI Dipartimento di Biochimica e Biologia Molecolare, Universita`di Ferrara, Via Borsari 46, 44100 Ferrara, Italy Phalloidin F-actin is widely used in the motility assay and to measure the force produced by the interaction of single myosin heads with single actin filaments. According to the Yanagida group, at the physiological ionic strength, tetramethylrhodamine F-actin displays a tensile strength of AE400 pN, which is not influenced by the length of the filaments but decreases strongly on tortion (230 pN for a torsion of 360°). We investigated tensile strength as a function of the critical concentration of tetramethylrhodamine phalloidin F-actin. As expected we found tensile strength to increase (5.6-28.6 pN) with the decrease of critical concentration (146-36 nM), i.e. with the increase of ionic strength from 3 to 19 mM. Critical concentration is thus a good index of tensile strength. The critical concentration of natural actin in 0.1 M KCl and 2 mM MgCl 2 is about 330 nM and even with the contribution of tropomyosin and the increase of protein osmotic pressure, it cannot be expected to reach the critical concentration of 36 nM, at which the yield strength is AE28 pN, i.e. the contribution of 3-4 attached cross-bridges. Our studies were then continued with tetramethylrhodamine F-actin (without phalloidin). At 0.15 M ionic strength the filament displays a yield strength of only 3.5 pN (two orders of magnitude lower than phalloidin F-actin). Decoration with tropomyosin increases yield strength from 3.5 to 10 pN. Decoration with myosin subfragment 1 increases yield strength from 3.5 to 15 pN. In skeletal muscle thin filament supports forces between 400 and 600 pN. It is clear that thin filament, as it is presently intended: F-actin decorated with tropomyosin and with troponin, cannot supports these forces. (Bershitsky et al., 1996, J Muscle Res Cell Motil 17: 156) , operated by a computer controlled variable current supply, generating discrete and constant magnetic field strength between the hyperbolic shaped pole pieces and constant force field in the field of view of 100 · 100 lm 2 at 3.47 mm from the centre of the pole pieces was used to impose a range of magnetic forces to manipulate the movement of the bead-tailed actin filaments. A protocol based on the method of Suzuki (Suzuki et al., 1996, Biophys J 70: 401-408) has been developed to do this. Dynabeads M-270 carboxylic acid are activated with EDAC and coupled to gelsolin-actin diluted about 10,000-fold with BSA. Actin is then polymerised onto the gelsolin-actin by incubating at 4°C overnight with 40 lM g-actin in the presence of rhodamine-phalloidin, 25 mM KCl and 4 mM MgCl 2 . The bead-tailed filaments must satisfy the following criteria: (1) The speed of bead-tailed filament movement must be the same as free filaments. (2) The direction of movement at zero current is opposite to the direction of the magnetic force. (3) A single filament at least 1 lm long is attached to the bead. Movement is recorded for at least 5 s at each current setting and a full range of current settings from zero until the filament is pulled off the surface is measured. The image of the moving bead and the superimposed time and coil current data is saved on hard disc. Raw video is converted to Quicktime movie format and the movie is then analysed using the dynamic image analysis system (DIAS) programme. A range of force up to 6 pN at 1 Amp was used to impose load to characterise the generation of forces due to the actinmyosin interactions. Using DIAS analysis of the actin-myosin interactions under the influence of adjustable external force yielded the measurement of steady state force-velocity relation and isometric force for a single actin filament. It is well known that thyroid hormones affect the structural and functional properties of skeletal muscle. They accelerate muscle contraction and enhance tension development. However, there is no sufficient evidence of the effect of thyroid hormones on F-actin filament structure and actin-myosin interaction. The effects of hypothyreosis (4 and 8 weeks) and hyper-thyreosis (2 and 4 weeks) on the structural state of F-actin from slow (soleus, SOL) and fast (extensor digitorum longus, EDL) rat muscles were studied by polarized fluorimetry techniques. Single muscle fibres were isolated from the glicerinated experimental and control muscles. Thin filaments of muscle fibres were labelled with fluorescent probes attached to different areas of actin molecule: Cys-374, situated peripherally in actin filament, was labelled with N-iodoacetyl-N¢(5-sulpho-1-naphtyl-ethylenediamine) (1,5-IAEDANS), TRITC-phalloidin was located in filament groove. The conformational changes in F-actin were monitored by calculating the values of the angles between the fibre axis and the absorption and emission dipoles and the angle between the F-actin filament axis and the fibre axis. The changes of these parameters were interpreted in terms of structure alterations of F-actin. Binding S1 to F-actin from control SOL and EDL muscle fibres induces marked changes in these parameters for fluorescent probes located at different regions of actin. Thus, the orientation and mobility of fluorescent probes were changed significantly when actin and myosin interacted, depending on fluorophore location. The effects described above were significantly inhibited following both hypo-and hyper-thyreosis. It should be noted that, the maximum of changes in the F-actin structure was observed in the fast EDL muscle after 2 weeks of hyper-thyreosis, while in the SOL muscle after 4 weeks. Besides, it was found that both hypo-and hyper-thyreosis altered flexibility of thin filament in the SOL and EDL muscle fibres. The data obtained suggest that the changes in conformation of F-actin molecule, induced both by hypo-and hyperthyreosis, modulate the character of actin-myosin interaction in fast and slow skeletal muscle.
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The work was supported by Russian Basic Research Foundation grant 01-04-49310.
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A simple expression for the dependence of the rate of contraction and the constants of the cycle of ATP hydrolysis on the concentration of substrate at an unloaded muscle contraction V.P. KORCHAGIN Far Eastern State Academy of Economics and Management, 690950 Vladivostok, Russia A simple mathematical model of the mechano-biochemical cycle of cross-myosin bridges is proposed allowing for the contribution of the 'weakly bound' bridges to the development of the inhibiting force. The model is based on the up-to-date accepted notion of the work of the cross-bridges as independent generators of force and the six-stages scheme of the hydrolysis of MgATP proposed for non-structured contractile models. The model gives an analytical expression for the dependence of the rate of relative shift of the thick and thin filaments on the concentration of MgATP. The expression obtained as parameters comprises the rate constants of detachment of the 'weakly bound' bridges from actin, splitting-off of inorganic phosphate and attachment of MgATP. The model presented explains the bell-shaped form of the experimental dependence of the rate of contraction of the myofibrils on the concentration of substrate. The values of these constants are determined for structured isolated myofibrils which prove close to the values of the corresponding constants determined experimentally for non-structured contractile models. Expression obtained appears to be used to find the values of the above-noted constant for cross-striated myofibrils in various animals in the case of a similar scheme of the mechanism of the work of the myosin bridge and elementary stages of the ATPase cycle.
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Effects of body size on regulation of contractile speed. Myosin structure and function at the cellular and molecular levels In 1950, Hill observed that animals of similar body shape and gait characteristics were able to move at similar velocities, independent of body size (Hill, 1950, Sci Prog 38: 209-230) . For this to be true, there must be inherent differences between large and small animals in the rate of strides and in the length of each stride and it was hypothesized that changes in skeletal muscle shortening velocity related to differences in body size were paralleled by changes in the maximum velocity of unloaded shortening. These scaling-related changes in shortening velocity occur at the level of the muscle tissue, and is independent of motor neuron firing rates (Rome et al., 1990, J Physiol (Lond) 431:
173-185; Seow and Ford, 1991, J Gen Physiol 97: 541-560; Widrick et al., 1997 Am J Physiol 272: R34-R42). The mechanisms underlying these scaling related differences remain unknown. The aim of this project is to study the mechanisms underlying the effects of body size on regulation of contractile speed in seven different mammalian species from the mouse to rhinoceros representing an almost 100,000-fold difference in body size. Specific interest will be focused on the regulation of muscle contraction at the cellular and molecular levels using the skinned fiber preparation and a single fiber in vitro motility assay. These cellular and molecular physiological methods have been used together with: a sensitive electrophoretic protein separations to determine the myofibrillar protein isoform expression in the fiber, an assay to determine single muscle fiber myosin ATPase activity, and mass spectrometry to determine myosin protein structure ( Differential scanning calorimetry (DSC) is the most effective method to study the thermal unfolding of proteins. Information regarding the presence of domains, and the effects of substrate binding on domain stability and interactions, can be determined with this method. We propose a new approach for analyzing the domain structure of irreversibly denaturing proteins from their DSC curves, which is suitable even in the case of overlapping peaks of separate calorimetric domains (i.e. the regions in the protein molecule which unfold cooperatively and independently from each other). An important feature of this approach is that the parameters of thermal denaturation of the most thermostable calorimetric domain are determined first. The DSC experiments are preceded by preliminary incubation of a protein at definite temperature for a definite time. Temperature for this incubation and its duration are determined from analysis of the DSC curves of a protein measured at different scanning rates. The parameters of thermal denaturation of separate calorimetric domains are verified by DSC experiments with such type treated protein at different scanning rates. We have applied this approach to study the domain structure of the myosin head. Only one calorimetric domain was revealed in the recombinant fragment M765 of the head of Dictyostelium discoideum myosin II corresponding to the globular motor portion of the head that lacks the 'neck' region and the light chains. On the other hand, three additional calorimetric domains were revealed in myosin subfragment 1 (S1) from rabbit skeletal muscles besides the motor domain. Two of these three domains were less thermostable, and the third -more thermostable than the motor domain; the enthalpy values for these three domains were about 10, 24, and 20% of the total enthalpy of the thermal unfolding of S1, respectively. These additional calorimetric domains of S1, that are absent in the M765, can be assigned to thermal denaturation of the regulatory domain (the 'neck' region with associated alkali light chains) of the myosin head. Surprisingly, only one calorimetric domain was revealed in the S1 molecule in the ternary complexes S1-ADPBeFx and S1-ADP-Vi which are stable analogs of the S1 ATPase intermediates S1*-ATP and S1**-ADP-P i , respectively. The results suggest that in these complexes a tight coupling occurs between the motor and regulatory domains of the myosin head, and due to this interaction both these parts of the myosin head denature together as a single calorimetric domain.
This work was supported in part by RFBR (grants 00-04-48167 and 00-15-97787), by INTAS-RFBR grant IR-97-577, and by the Wellcome Trust. The myosin heads, whether on their own (S1) or in muscle fibres, hydrolyse ATP by a pathway on which the products are released in order: P i before ADP. It is generally thought that the product release steps are connected with the contractile process and that they are relatively slow. It has been suggested that the mechanical condition determines the rate limiting step: with isometrically contracting fibres the ADP release kinetics are rate limiting but as the strain is reduced and the fibres allowed to shorten, the ADP release kinetics accelerate and P i release becomes rate limiting. We have put this idea to the test by using myofibrils as a model as with these both mechanical and chemical kinetic measurements are possible. We have already shown that with myofibrils, whether relaxed or shortening at zero load, the P i release kinetics are rate limiting and (A)M.ADP.P i states accumulate in the steady state. Chemically cross-linked myofibrils (EDC) appear to be a good model for isometrically contracting muscle fibres (Herrmann et al., 1993, Biochemistry 32: 7255-7263; Berger and Thomas, 1993, Biochemistry 32: 3812-3821) . By the use of transient kinetic methods (fluorescence stopped-flow and rapid-quench-flow), we show that with isometrically contracting myofibrils too the P i release kinetics are rate limiting. Therefore, it appears that with myofibrils under all the mechanical conditions studied to date, the (A)M.ADP.P i states predominate. To accommodate both the mechanical (sensitivity of force development to P i ; Tesi et al., 2002, J Physiol, in press ) and chemical kinetics, we use an ATPase pathway that includes four (A)M.ADP.P i intermediates (Ranatunga, 1999 , Proc R Soc Lond B Biol Sci 266: 1381 -1385 . By this scheme we explain:
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The sensitivity of force development in fibres and myofibrils to P i (which implies interaction of P i with an (A)M.ADP state) and yet (A)M.ADP.P i states predominate. Kinetics of the cleavage step: equilibrium constant much larger with myofibrils than with S1 and yet the kinetics are identical. Actin filaments are certainly believed to function as an intracellular signalling system; however, this is not confirmed by direct evidence. New properties of actomyosin were found, which might help solving this problem. We used a two-layer actomyosin gel with a concentration gradient of the troponin-tropomyosin complex (TT complex, Ca 2+ -sensitive system) between the two layers. To prepare one layer of the system, natural actomyosin (nAM) rich in TT complex was used. To prepare the second layer, we used desensitized actomyosin (dAM) without the complex. All experiments were performed in the medium with a low ionic strength. Three phenomena were observed: (1) dAM blocks Ca 2+ -sensitivity of nAM when the dAM weight portion in the system (as well as in the mixed nAM+dAM suspension) reaches 40% and more; further increase of the dAM portion does not affect the Ca 2+ -sensitivity; (2) this interaction begins at a definite nAM/dAM threshold (critical) ratio; (3) it was electrophoretically shown that a rapid diffusion of the TT complex from the nAM gel into the dAM gel took place. The apparent diffusion coefficient for the TT complex in the dAM gel is about (1-4) · 10 )4 cm 2 /s, i.e. three orders higher than the same values for protein diffusion in water. Additions of a two-component suspension of ethanol or n-propanol restore the Ca 2+ -sensitivity of nAM blocked by 40% dAM. Conclusions: (i) The studied protein complexes interact in the gel state; (ii) The interaction begins at a surface of interacting gel particles and extends over the entire gel volume; (iii) The interaction of actomyosin gels reversibly disturbs normal operation of the Ca 2+ -sensitivity system and can change the TT-complex distribution in the whole gel volume. Myole is the widely expressed subclass-1 member of the myosin-I family (also called Human Myosin 1C). We performed a kinetic analysis of a truncated myo1e that consists of the motor domain and the single IQ motif with a bound CaM. We determined the rates and equilibrium constants for all the key steps in the ATPase cycle. The maximum actin-activated ATPase rate (V max ) and the actin concentration at half maximum of V max (K ATPase ) of myole IQ are similar to those for the native protein. Actin activates the steady-state ATPase rate 2-3-fold. The K ATPase is very low (AE1 lM), however, the apparent affinity of myole IQ for actin in the presence of ATP is very weak. A weak actin affinity and a rapid rate of phosphate release results in a pathway (under in vitro assay conditions) in which phosphate is released while myo1e is dissociated from actin. Actin activation of the steady-state ATPase activity and the low K ATPase are the result of actin activation of ADP release. We propose that the kinetic properties of myo1e are tuned to function in regions of high concentrations of crosslinked actin filaments. Additionally, we found that ADP release from actomyo1e is >10-fold faster than other vertebrate myosin-I isoforms, suggesting that subclass-1 myosin-Is are tuned for rapid sliding while subclass-2 isoforms are tuned for tension maintenance or strain sensing.
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Binding of titin and projectin to paracrystals of F-actin as evidenced by electron microscopy Z. Titin (M.w. 3000 kDa) in vertebrate striated muscles and its analog projectin (M.w. 900 kDa) in insect indirect flight muscles belong to the family of sarcomeric elastic proteins. In sarcomeres, they bind to myosin. Titin binds also such myosin-associated proteins as C-, H-, M-proteins, myomesin, AMP-deaminase. Earlier EM observations point to titin ability to interact weakly with actin filaments (Maruyama et al., 1987 , J. Biochem. 101: 1339 . However, no visual confirmation of projectin-actin interaction was observed so far (Weitkamp et al., 1998, J Biol Chem 273: 19802) . Here we use new approach to demonstrate titin and projectin binding to actin filaments by electron microscopy and namely, system of actin paracrystals. Control actin paracrystals formed in the presence of Mg 2+ ions and stained with 1% aqueous solution of uranyl acetate exhibit compact ordered packing of the filaments. Such paracrystals have great width and length and blunted ends. The addition of projectin or titin to actin during common dialysis results in the disruption of ordered packing actin filaments and to formation of loose disordered filament bundles with small diameter and tapered ends. In this case considerable amount of individual actin filaments was also observed. Decrease of the amount of added titin or projectin reduces their effect on the structure of actin paracrystals. Thus electron microscopic observations confirm the interaction of titin and projectin to actin filaments. In muscle, it might prevent an adhesion of thin filaments in the I-bands of sarcomere. Moreover, if to take into consideration elastic properties of titin and projectin and their ability to interact both with myosin and actin filaments, one can suppose an important role of this interaction in regulation of contraction of the above muscles and in signaling processes during contraction.
The work is supported by RFBR grants 99-04-04033 and 00-04-48200, and DFG grant Be 347/10-2. Non-enzymatic glycosylation (glycation) has been recognized as an important post-translational modification underlying alterations of structure and function of extracellular proteins during aging and diabetes. Intracellular proteins may also be affected by this modification and glycation has been suggested to cause the aging-related decline in myosin function recently reported in both rodents and humans. Glycation is a post-translational modification that occurs by a chemical reaction of reducing sugars with primary amino groups, i.e., aldehyde groups of free unbound sugars react preferentially with free amino groups of proteins to reversibly form Schiff base adducts. Rearrangement of these adducts results in the formation of an irreversible advanced glycation end-product (AGE). Glutathione is known for its antioxidant function, it cannot be excluded that glutathione may also affect the glycation process. In order to understand the effect of glutathione on glycated myosin function, we used a single fiber in vitro motility assay, i.e., an assay where myosin is extracted from a single muscle fiber segment to propel fluorescentlabeled actin filaments. The motility speed of the actin filaments was measured before and after 6 mM glucose incubation to study the effects of glucose on myosin, and followed by a 10 mM glutathione post-glucose incubation. Glutathione treatment restored motility (0.98 AE 0.06 lm/s, n = 3) (P < 0.001) after glucose exposure (0.10 AE 0.07 lm/s, n = 3), close to pre-incubation levels (1.12 AE 0.06 lm/s, n = 3). A dose-response relationship between increasing glucose concentration and motility speed was observed. Increasing concentrations of glucose reduced motility speeds by 10% (1 mM), 34% (3 mM) and 90% (6 mM) of pre-incubation values. It is concluded that glutathione reverses the dramatic dose-dependent effect of glucose on myosin function.
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The effect of oxidative insult upon physiology and proton transverse relaxation times in rat heart C.R. REVNIC 1 , S. BOTEA 2 and F. REVNIC 2 1 University of Medicine and Pharmacy 'Carol Davila', 7000 Bucharest, Romania; 2 National Institute of Gerontology and Geriatrics 'Ana Aslan', 78178, Bucharest, Romania Objectives: Our study was designed to investigate the effect of ischemia reperfusion (IR) upon: 1. physiological parameters: heart rate (HR), left ventricle developed pressure (LVDP) and coronary flow (CF); 2. distribution and polarisation of interfilamentary as well as of water at the level of myosin filaments; 3. apoptosis of cardiac muscle cells. Methods: Our study has been done on adult Wistar rats feed on cholesterol rich diet with/without Procaine treatment for 8 weeks (20 mg/kg body weight). We used an ischemia (45 min) followed by 3 h reperfusion model of isolated rat heart in Langendorff retrograde perfusion with Krebs Henseleit buffer at 37°C. After HR and LVDP were determined by means of a latex baloon inserted into the left ventricle and connected with a pressure transducer. Proton transverse relaxation times (T2s and T2l) related with two water compartments (i.e. at the level of contractile filaments and interfilamentary water), have been estimated by means of an Aremi'78 Spectrometer. TACS apoptotic laddering kit has been used to assay heart cells for apoptosis in cholesterol treated rat with/without Procainte treatment. Results: Our data have pointed out that following 45 min ischemia, myocardial excitation is decreased and action potential shortened upon opening K + ATP channels. There was a significant decrease in CF i.e. from 13 ml after 20 min stabilisation period to 3 ml after 3 h reperfusion. Heart rate and LVDP have been maintained relatively constant with minor fluctuations in Procaine treated rats vs. controls DNA laddering has been observed in Procaine treated cholesterol feed rats T2s and T2l were significantly decreased in Rigor media of controls. The increase in T2s and T2l in contraction media of Procaine treated rats after 45 min ischemia, have pointed out molecular modification in the watercontractile proteins interaction. To the relaxation of H + protons of water is added also the relaxation of H + from contractile proteins side chains with modified features. Conclusions: Oxidative insult (IR) in Procaine treated rats (20 mg/kg body weight) feed on cholesterol reach diet, induced molecular changes at the level of contractile proteins as well as in distribution and polarisation of water from the two compartments with the consequence upon DNA stability which exhibits laddering.
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The b-myosin heavy chain gene encodes for two functionally different isoforms in rat heart and skeletal muscle J. SANT The functional properties of b-myosin (HMM) isoforms from rat slow skeletal soleus muscles were assessed. Increased expression of b-myosin heavy chain (b-MHC) in both tissues was induced and 100% conversion to b-MHC was confirmed in both tissues by gels, immuno-histochemistry, Northern blots and in situ hybridization. Myosin purified from ventricular myocardium and soleus muscles from the same animals was cleaved to HMM. Kinetic properties of the HMM in the presence of f-actin were assessed using stopped-flow methods (j, 2001, JBC 246: 4409-4415) . The ATP-dependent rate of acto-HMM dissociation in the presence of 40 lM ADP was used to assess the rate of ADP dissociation. The Xeno-transplantation of genetically modified pig hearts into humans has become one everincreasing possibility to overcome the shortage of human donor heart. However, a success to this approach would depend on our knowledge of structural-functional differences in contractile proteins of pig and human myocardium. Thus, purified myofibrillar proteins (Sant'Ana Pereira et al., 2001, JBC 276: 4409-4415) and skinned myocardial preparations from frozen disease-free human donor (selected for valvular and aorta transplantation) and pig hearts (n = 6) were used to examine the kinetics of acto-myosin interaction by Stopped-flow and mechanical assays, respectively. Collection of human heart samples was as per Ethical Committee's approval and International Standards and guidelines for organ transplantation. In all samples, cDNA and genomic DNA were screened for the absence of mutations. In Stopped-flow assay, (a) the rates of acto-HMM (heavy mero-myosin) dissociation by MgATP were linear up to at least 600 s )1 (slope, 1.2 AE 0.03 · 10 6 M )1 s )1 in both the species, yielding estimated maximum rates of about $5000 s ). This indicates that the b-myosin cross-bridge remains detached from actin for longer duration in pig than human myocardium. This is consistent with the slower maximum rate of force redevelopment (K tr ) measured in skinned myocardium from pig than human in mechanical assay. We conclude that the observed differences in kinetics of acto-myosin interaction are due to specific amino acid substitutions in different domains of the molecule. We have developed a generic framework for analysing inter-sarcomere dynamics. The complexity of a 'real' muscle fibre is addressed through rigorous coupling of the sarcomere and myofibril models in a system of differential equations. Emphasis of this work is put on systematic treatment of sarcomeres and not on the molecular modelling of the active and passive elements in them. With the current method we have found mathematical explanations for phenomena such as sarcomere popping, extra tension or tension creep (Morgan, 1990, Biophys J 57: 209-221) . Stretch-release simulations of parallel, uncoupled myofibrils were carried out. A statistically normal distributed variability in the force properties was generated, which defined unambiguously the initial lengths of all sarcomeres. To compare qualitatively the theoretical results with experimental data, we performed stretchrelease experiments on chemically skinned (0.5% Brij-58) and glycerinated single muscle fibres from the rabbit psoas. The fibres were Caactivated adopting standard procedures. In order to determine the stretch velocity and amplitude dependence of various tension components, a series of 4-6 ramp (and hold) stretches of either different slopes or different amplitudes were applied when the fibre was activated (pCa 4.5) to a steady tension (=force) plateau. Force traces in the experiments show elastic and visco-elastic behaviour and a typical long-time stress relaxation. During large-amplitude stretches the force trace is 'unsteady' with a steep rise followed by a force decline, before it increases again more slowly. In the simulations the force response shows the same devolution and, additionally small oscillations during stretch which were similar to those reported by Edman (Edman et al., 1978, J Physiol 281: 139-155 It is generally assumed that during stretch experiments beyond optimal sarcomere length in single muscle fibres several instability phenomena are likely to occur (Granzier and Pollack, 1990; Morgan et al., 1990) . Examples are fast lengthening of sarcomeres starting on the descending limb of the length tension curve or steady tension enhancement after stretch due to overstretched sarcomeres. Therefore, such instability effects should cause marked irregularity in the cross-striation pattern.
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The purpose of the present study is to investigate non-uniform sarcomere dynamics in muscle fibres by visualisation with simple optical techniques. Experiments using video data acquisition of the cross-striation in single mammalian muscle fibres were carried out. Single skinned fibres ($500 lm long) from rabbit psoas muscle were set up by attaching them on two small stainless steel hooks. One hook was connected to a force transducer (AE 801, AME), the other to a micromanipulator that allowed manual stretching and releasing of the fibre (accuracy of length change was 2 lm which is 0.4% fibre length). The fibre was relaxed and Ca-activated adopting standard procedures. Image data acquisition was performed with an inverted microscope (OLYMPUS) at 400 · magnification, a CCD camera with a VCR, a PC video grabber and image processing software (MATLAB Ò ). Experiments have shown evidence of non-uniform sarcomere behaviour during activation and deactivation of the muscle fibre and sequential stretching in active state. Local irregular striation patterns that last only 100-200 ms reveal the complex dynamics in a series of independent biological motors. The striation interval length is slightly higher than in relaxed state. This indicates that passive structures bear active generated tension of sarcomeres in series. Furthermore, after sequential stretching, the regularity of the cross-striation is completely disturbed. Uneven fibre distortion in the middle of a fibre segment and over-stretching at the ends are common. Thomas, 2000 , Biophys J 79: 1731 -1736 . By virtue of their generalizing construction, these models can be expected to better explain 'coarse grained' features of motor protein dynamics than protein specific microscopic details. An important coarse grained feature is collective behavior leading to cooperative effects on a supramolecular scale. Predictions for spontaneous motion, oscillations and other phenomena have been made, but carefully controlled experiments on multiplemotor systems are necessary to investigate such phenomena in biological systems. We are investigating the effect of mechanical coupling of multiple molecular motors, specifically myosin II from rabbit hindlimb skeletal muscle, and bacterially expressed close-to-fulllength Drosophila kinesin without light chains. A suspended-filament in vitro motility assay has been developed using microfabricated platforms (width 2-10 lm) to attach the motors in a well controlled geometry. We use two optical traps to suspend either an actin filament or a microtubule. The performance of the experimental set-up and the first results using this new assay will be presented. Individual creatine kinase (CK) and adenylate kinase (AK) isoenzymes are considered to play a pivotal role in the maintenance and compartmentalization of an optimal energy balance in muscle, brain, and various other tissues with high energy turnover. We have generated a series of knockout mouse models with single or combined mutations in the genes specifying the dimeric cytosolic BB-CK and MM-CK, and mitochondrial UbCKmit and ScCKmit isoenzymes, as well as the cytosolic AK1 isoform. Suprisingly, none of the CK or AK isoenzymes is absolutely essential for viability. Testing of mouse muscles with partial or complete lack of CK activity revealed that the CK system has a role in meeting effects of strenuous workload, or ischemic stress conditions, via a role in H + , Ca 2+ and PO 4 ion homeostasis. In brain, loss of CK activity leads to impaired spatial learning and abnormal open-field habituation behavior, pointing to a role in synaptic transmission activity. Finally, AK1 activity in muscle is important for maintenance of high economy in ATP turnover. Interestingly, cDNA microarray and semi-quantitative Western blot analysis showed developmental adaptations in several of our mutants, apparently as an attempt to compensate for the genetic loss(es). These adaptations occur in a mutation and cell-type specific way and involve rewiring of metabolic pathways, transcriptional and post-translational changes in the expression of glycolytic and mitochondrial enzymes, and rearrangements in the ultrastructural cellular network. The principles that govern this coupling and evoke changes at the transcriptional and posttranscriptional level to give high plasticity and robustness to the network of high-energy phosphoryl transfer will be discussed. The rate of ADP dissociation is the kinetic variable that varies the most among cardiac myosins and yet the mechanism governing this kinetic step is the least understood of the cross-bridge cycle. To better understand the mechanisms governing this parameter we examined the kinetic properties of the two orthologous cardiac myosins with minimal sequence divergence; i.e. rat a and mouse a MHC-(HMM). Female Sprague-Dawley rats (n = 15) were made hyperthyroid to convert their myocardial phenotypes to nearly 100% a-MHC. Myocardial samples of CD1 mice were comprised exclusively of 100% a-MHC. Amino acid sequences were predicted from cDNA templates and indicated the presence of only three substitutions between the isoforms (rat/mouse): (1) deletion at residue 9 (ChSk numbering) of the NH2 terminus, G342S (ChSK) close to the nucleotide binding pocket and G741R (ChSK) at the converter domain. Measurements of mechanical V 0 indicated that mouse a-MHC myocytes (4.6 AE 1.5 ML/ s) were 1.8-fold faster than their equivalents in rat a-MHC myocytes (2.5 AE 1.2 ML/s). In stopped-flow (Sant'Ana Pereira et al., 2001, JBC 246: 4409-4415), the ATP-dependent rate of ADP dissociation in the presence of 90 lM ADP yielded rates of 249 AE 4.5 s )1 for rat a acto-HMM and 496 AE 6.1 s )1 for mouse a acto-HMM. The deletion at residue 9 is unlikely to be the primary cause for the 2-fold difference in the off-rates in the sense that it is also seen in other myosins with still slower kinetics. Although the substitution G741R is a candidate for tuning this variable, we believe that it is not the primary determinant since an arginine at this position is also observed in rat b-myosin which dissociates ADP at a 2-fold slower rate than rat a myosin. Thus we conclude that G342S is the most likely candidate for the different tuning of ADP release because (1) it is conserved in all myosins sequenced to date except the mouse a; (2) it appears to be adequately positioned to affect the conformation of switch-1 region and thus the breaking of Mg 2+ coordination (associated with the nucleotide) prior to product release. A number of studies in human and animal myocardium suggest that there are differences in cardiac function and contractile protein composition between atrial and ventricular tissue. However, the relation between the functional differences and contractile protein composition is still poorly understood. The isometric force and ATP utilization were studied at 20°C in skinned atrial trabeculae and ventricular muscle strips, isolated from biopsies, obtained during open heart surgery from patients with coronary artery bypass grafting (CABG) and from donor hearts, respectively. Protein analysis was performed by one-dimensional SDS-gel electrophoresis. The maximal rate of Ca 2+ -activated ATP consumption during isometric contraction was on average 2.8 times larger in atrial tissue than in ventricular tissue (0.14 AE 0.02 mM/s, n = 3 and 0.051 AE 0.009 mM/s, n = 6, respectively). The basal ATPase activity determined at low Ca 2+ concentration (10 )9 M) amounted to 6.0 AE 0.1% of the total isometric ATPase The behavior of a proteolytic 800 kDa fragment of titin (covering the I-band region and containing the PEVK domain of striated muscle sarcomere) on the actomyosin complex was investigated by three different approaches. First, the actin activated Mg-ATPase activity of HMM was reduced by about 35% at a saturating titin/actin molar ratio of 1/40 with or without the regulatory proteins tropomyosintroponin (Tm-Tn) in a Ca 2+ -independent manner. There was no change of the activity of HMM alone under similar conditions. Second, cosedimentation experiments showed that the binding of the titin fragment to actin was enhanced by Tm-Tn or/and HMM while the interaction between actin-Tm-Tn and HMM was destabilized by the titin fragment. Third, the movement of rhodamine-phalloidin labeled actin filaments (with Tm-Tn-Ca 2+ ) on myosin in in vitro motility assays was modified upon addition of the titin fragment in two ways: (i) the mean velocity was increased and (ii) the time filaments stay immobile was decreased. Overall, the data are consistent with a weakening of the actin-myosin interaction induced by the titin fragment. This suggests for the first time that the I-band region of titin does not only play a role in the sarcomeric structure and elasticity but may also participate in the regulation of muscle contraction via the thin and not the thick filament.
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III-6: Oral presentation 15 September, 17:55-18:10 EH-myomesin and sarcomere function I. AGARKOVA, R. SCHÖ NAUER, E. EHLER and J.-C. PERRIARD Institute of Cell Biology, ETH Zu¨rich, 8093 Zurich, Switzerland lattice of the myosin filaments. We reported recently that the novel EH-myomesin isoform, generated by the insertion of a putatively unfolded EH-fragment in the middle of the molecule, is characteristic for the embryonic heart of higher vertebrates. Using RT-PCR and isoform-specific antibodies we found now that this myomesin isoform is expressed in a subset of fibers in skeletal muscle of adult mouse. The immunofluorescent staining shows that all fibers that are positive for MHC-b and part of the MHC-IIa positive fibers express this cardiac myomesin isoform in the M-bands. Interestingly, the EHmyomesin expression pattern in both heart and skeletal muscle is complementary to the expression of M-protein, another M-band component. Moreover, we found that EH-myomesin positive fibers of Soleus muscle show a different M-band appearance in electron microscopic preparations. We suggest that inclusion of the EHfragment into the myomesin molecule modulates the elasticity of the M-bands, providing the integrity of this structure in the continuously active slow-twitch fibers of mouse. It might be part of the physiological adaptation protecting this fiber type in eccentric exercise. Post-translational modifications have the potentiality to exponentially increase the variety of protein molecular species in a cell and the complexity of its proteome. The glycosylation by O-linked b-Nacetylglucosamine (O-GlcNAc) is an abundant and dynamic reversible post-translational modification implicated in protein regulation. The monosaccharide N-acetylglucosamine is attached in a b-linkage to serine or threonine hydroxyl groups by the UDP-GlcNAc-peptideb-GlcNAc transferase (OGTase) and can be removed by the N-acetylb-D-glucosaminidase (O-GlcNAcase); this system of glycosylation/ deglycosylation is similar to phosphorylation/dephosphorylation, with the antagonism between kinase and phosphatase. No consensus motif for O-GlcNAc attachment has been identified but many sites are identical to those used by serine/threonine kinases, in particular proline-dependent kinases as glycogen synthase kinase 3. Thus, a dynamic interplay between O-N-acetylglucosaminylation and phosphorylation has been demonstrated to occur under certain circumstances. We studied the O-N-acetylglucosaminylation in skeletal muscle in control conditions and after hindlimb unloading. Unloading of skeletal muscle by hindlimb unweighting (HU) is known to induce a significant atrophy observed in postural muscles especially in predominant slow muscles such as the soleus with a transformation from a slow to a fast phenotype. The gas chromatography analysis indicates that O-GlcNAc is present in skeletal muscle cells. The level of O-GlcNAc proteins is higher in slow soleus muscle than in the fast extensor digitorum longus muscle of rat. We show that the OGTase and O-GlcNAcase are expressed in these muscles. Using mono-and two-dimensional gel electrophoresis techniques and proteomic analysis (essentially mass spectrometry) we identified some of the OGlcNAc proteins as enzymes (creatine kinase M, carbonic anhydrase III, Beta enolase) and contractile proteins (tropomyosin). The OGlcNAc level is decreased in the atrophied soleus muscle after HU, becoming intermediate between the values of control slow and fast muscles. This variation seems to be parallel to the transformation of slow to fast muscle phenotype observed after unloading. We propose that O-GlcNAc modifications might play a role in the muscle metabolism as well as in the properties of some contractile proteins and their interaction. This suggests that O-GlcNAc might regulate the contractile process and could be implicated in the development of atrophy.
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Bis-phosphorylation of human cardiac troponin I reduces the flexural rigidity of reconstituted thin filaments F. VAN The key function of mitochondria is to supply energy and to adapt readily to the changing demands of a working tissue. Mitochondria in neurones, cardiac myocytes and smooth muscle cells are known to accumulate Ca 2+ during intense activity. In the short term, mitochondrial uptake of Ca 2+ may serve to activate mitochondrial dehydrogenases involved in the tricarboxylic acid cycle. However, prolonged elevation of mitochondrial Ca 2+ is considered to be detrimental and may result in cell damage. Relatively little is known about mitochondrial Ca 2+ in working skeletal muscle. Recently, we reported that in mouse fast-twitch skeletal muscle fibres, mitochondrial Ca 2+ showed little change during the development of fatigue. However, the situation in a slow-twitch muscle, which is more heavily dependent upon mitochondrial respiration, is unknown. The aim of the present study was to determine in typical slow-twitch muscle fibres if mitochondrial Ca 2+ increases as a result of tetanic contractions. Single fibres were isolated from the soleus muscle of mice. Mitochondria were loaded with Rhod-2, which reports mitochondrial Ca 2+ , by incubating fibres in 5 lM of the AM form of the dye for 2 h. Fibres were then mounted in the perfusion channel of a muscle bath where they could be stimulated electrically to produce an isometric contraction. A BioRad MRC1024 confocal unit attached to a Nikon Diaphot 200 inverted microscope was used to monitor the Rhod-2 fluorescence (i.e. mitochondrial Ca 2+ ). Fibres were stimulated repeatedly with 70 Hz, 500 ms tetani at 2 s intervals for 1000 tetani or until force fell to 40%. Two distinct groups of fibres were identified. About 20% of the soleus fibres showed no change in the mitochondrial Ca 2+ signal, even when stimulated for 1000 tetani. In the remaining 80% of soleus fibres, the mitochondrial Ca 2+ signal had increased dramatically after as few as 10 tetani. After about 50 tetani, mitochondrial Ca 2+ reached its maximum and further tetani produced no additional increase in mitochondrial Ca
2+
. When stimulation stopped, mitochondrial Ca 2+ fell rapidly to about 50% within 5 min and had returned to the baseline after 30 min. In these fibres that displayed a rise in mitochondrial Ca
, there was a significant correlation between the peak rise in mitochondrial Ca 2+ and the force at the time that stimulation stopped. Thus, a majority of soleus fibres can accumulate Ca 2+ in their mitochondria and unexpectedly this was associated with high fatigue resistance.
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Identification of differentially expressed genes in red and white skeletal muscles by the use of a purpose-built composite porcine muscle cDNA microarray Q. BAI, C. MCGILLIVRAY and K.C. CHANG Molecular Medicine Laboratory, Department of Veterinary Pathology, University of Glasgow, Bearsden Road G61 1QH, United Kingdom Phenotypic and functional differences between red slow-twitched and white fast-twitched muscles are well documented. In a pig, red muscle contains greater abundance of oxidative fibres (myosin heavy chain [MyHC] slow/I, 2a and 2x fibre types) than white muscle, which comprises more glycolytic MyHC 2b fibres. To discover critical mRNAs that are preferentially expressed in one muscle or one fibre type, and to advance our knowledge of the gene expression profiles that might give rise to the contractile and metabolic differences between fibre types, a composite porcine skeletal muscles cDNA microarray, from pre-natal and post-natal muscle cDNA libraries, has been developed in our laboratory. Five thousand and four hundred cDNA clones from about 20,000 original clones were selected, based on colony hybridisation, for array construction. Gene expression profiles of porcine red muscle, psoas, and white muscle, longissimus dorsi, of 22-week-old pigs were determined by fluorescent Cy-3 and Cy-5 co-hybridisation. Clones that were preferentially more highly expressed in one muscle type were chosen for identification through sequencing. Predictably, metabolic and structural genes that were characteristic of red or white muscle were highly represented. Interestingly, a number of novel factors were discovered that could be involved in the regulation of fibre phenotype. Characterisation of some of these genes is in progress. The dynamic range of steady-state mitochondrial oxygen consumption was determined for mouse fast-twitch (EDL) and slow-twitch (SOL) muscles. Muscles were isolated from male Swiss-Webster mice (age 21-28 days) and fixed at resting length in a chamber fitted with an oxygen electrode and a strain gauge to measure twitch contraction mechanics. All experiments were performed at 20°C in a bicarbonate Ringer solution (pH 7.4). The PO 2 of the medium was >450 Torr in all experiments, well above the critical PO 2 at which diffusive flux of O 2 could be rate limiting for ATP synthesis for muscles of this size (4-6 mg) at 20°C (Crow and Kushmerick, 1982, J Gen Physiol 79: 147-166 Ca is down from 3 to 2-1.5 at 5 Hz and decreases further at higher frequencies. These results mean that neural regulation of sustained force generation by FT muscle via simple [Ca 2+ ] cyto frequency encoding is robust for frequencies up to 2 Hz. Above 2 Hz, however, this regulation design breaks down. The reason is that control of the AM ATPase flux shifts from AM with Ca 2+ ultrasensitivity to mitochondria with one order of magnitude lower Ca 2+ sensitivity. The method of differential scanning calorimetry (DSC) was applied for investigation of interaction between rabbit skeletal muscle tropomyosin (TM) and F-actin in the presence or in the absence of troponin. Isolated TM demonstrated two separated thermal transitions with maxima at 42.6 and 53.2°C. The data of literature indicate that the lowtemperature transition corresponds to unfolding of C-terminal part of TM with reduced SH-groups, whereas the high-temperature transition is represented by two overlapping peaks: the peak reflecting unfolding of C-terminal part of TM with oxidized SH-groups (disulfide bond formed by two Cys-190 belonging to two different TM chains) and the peak of the N-terminal part of TM (Williams and Swenson, 1981, Biochemistry 20: 3856-3864) . Interaction of TM with F-actin induced an appearance of new cooperative transition with maximum at 48°C on the heat sorption curve of TM, but it had no effect on the thermal unfolding of F-actin stabilized by aluminum fluoride. Addition of troponin complex strongly increased the cooperativity of the thermal unfolding of actin-bound TM, and this effect was especially pronounced in the absence of Ca
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. The DSC approach has also been used to study the influence of troponin I (TnI) and troponin T (TnT) on the thermal unfolding of actin-bound TM. Both TnT and TnI increased the cooperativity of the thermal transition of actin-bound TM although the effect of TnT was more pronounced than that of TnI. The largest effect was observed in the presence of the mixture of TnT and TnI. It is known that TnT is able to interact simultaneously both with TnI and with the C-terminal part of TM close to Cys-190. In general, our results support the hypothesis that the interaction between TM, TnT and TnI on the surface of the actin filament involves formation of triple coiled-coil formed by three protein compounds (Stefancsik et al., 1998, Proc Natl Acad Sci USA 95: 957-962 To elucidate the effects of eustress (positive stress) on behavioural and physiological parameters as well as on muscle and meat characteristics in domestic pigs, an experimental model based on a learning procedure was developed. Animals (n ¼ 4; EU) within a group had to recognise an individually attributed sound signal which was given at random time intervals. After pressing a panel they were rewarded via single food portions distributed over the day. These pigs were compared with conventionally housed and fed pigs (n ¼ 4; CON). The procedure demands a high level of alertness in order to recognise and localise the sound source. Well-trained animals easily coped with this challenge that, therefore, was considered to be a positive stressor. Preliminary results only regarding muscle characteristics are presented. Immediately after slaughter (0 h) and 45 min postmortem (p.m.) muscle samples were taken out of the carcass, homogenised, and SR Ca 2+ uptake as well as SR Ca 2+ ATPase was determined. Meat quality was estimated by standard procedures. There were no differences in Ca 2+ uptake in samples, taken immediately after slaughter (57 vs. 53 lM/ min mg protein, P ¼ 0:72, EU and CON respectively). However, the reduction in Ca 2+ uptake from 0 h to 45 min p.m. was significantly different between groups, with a greater reduction in control pigs (reduction 8 vs. 51%, EU and CON respectively). In EU muscle samples SR Ca 2+ ATPase activity did not differ between 0 h and 45 min regardless if determined with or without Ca 2+ ionophore. In contrast, in CON muscle this ATPase activity was increased 45 min p.m. compared to 0 h, both with and without ionophore inclusion. It is suggested, that the SR membranes in CON have become leaky to Ca At hyperglycemia and ionizating radiation action there is an increase in formation of active oxygen species that induces oxidative modification of lipids, proteins and nucleic acids. Hyperglycemia is accompanied by non-enzymatic glycosylation linked with blocking free protein aminogroups by aldehyde groups of sugars and additional free radical appearence. We studied G-actin functional properties: myosin Mg 2+ -ATPase activation, G-actin-F-actin transformation and DNase I inhibition at these two state and in vitro, in the presence of 0.05 M glyceraldehyde. We observed a decrease of all these parameters. These alterations were followed by high molecular weight product increasing recorded by SDS-electrophoresis, but we failed to discover the reaction of treated actin with antibodies to advanced glycation end products. The muscle dipeptide carnosine (0.05 M) prevented these changes in structural and functional properties of actin. Using rats of genetic line with intracellular elevated galactose level and corresponding increased free radical content we showed that addition of carnosine into diet (50 mg/kg of body weight by the day with drinking water during 150 days) had induced an increase in actin activation of intact Mg 2+ -ATPase of myosin. We found the same effect of carnosine on the degree Mg 2+ -myosin activation by actin prepared from rats treated with c-irradiation (5 Gy), when the rats drunk carnosine solution 1 day before irradiation. In both cases we observed prevention of actin degradation. So, we revealed that carnosine prevents alterations of muscle actin under oxidative stress. A short segment of troponin-I, residues 128-146 in the human heart isoform, is like troponin-I able to inhibit actomyosin ATPase activity in a manner potentiated by tropomyosin. Familial hypertrophic cardiomyopathy has been associated with several mutations in the gene encoding human cardiac TnI (hcTnI) including a missense mutation in the inhibitory region (R145G). This mutation results in the reduced ability of TnI to inhibit actin-TM-activated myosin ATPase (Elliott et al., 2000, J Biol Chem 275: 22,069-22,074). Using recombinant hcTnI as well as peptides spanning the inhibitory region we have carried out equilibrium fluorescence and surface plasmon resonance studies in order to characterise the binding of TnI to Factin and to determine the consequence of the R145G mutation. The kinetics of the interaction were determined using a BIAcore 3000 system to monitor binding to immobilised F-actin. Binding was assessed at various flow rates (5-30 ll/min) over a range of concentrations (0.1-50 · 10 À6 M) using different immobilisation densities. Analysis of the dissociation phase for hcTnI residues 128-153 peptide gave an off rate constant of $10 3 s À1 and a value of the dissociation constant of 3 · 10 À6 M. Weaker affinity for F-actin as a consequence of faster dissociation kinetics is observed upon R145G substitution. A smaller reduction in affinity is observed upon introduction of the mutation into the intact protein where the affinity for F-actin is some 10-fold higher than found for the isolated inhibitory region. The alteration in interaction affinity is also apparent upon binding to actintropomyosin. These data are relevant to the observed ability of the inhibitory region of troponin-I to impede the binding of segments of the myosin molecule to different locations on F-actin. The shortening velocity of skeletal-muscle fibers is determined principally by actin and myosin. However, these contractile proteins are in parallel with elastic elements, whose main structural basis is thought to be the titin filaments. If titin is stretched, it may contribute to sarcomere shortening simply because it can recoil passively. Here, the titin-based contribution to shortening velocity (V p ) was quantified in single rabbit psoas myofibrils. Results were used to estimate the importance of titin elastic recoil for the shortening speed of actively contracting rabbit psoas fibers. The myofibrils were suspended between a rigid needle and a micromotor, and the image was projected onto a linear CCD array. Nonactivated specimens were rapidly released from different initial sarcomere lengths (SLs) by steps of 150, 250, or 450 nm/sarcomere. During buckling of the myofibril, the regular intensity-profile pattern disappeared, but was spontaneously restored as the slack was taken up. V p was calculated from release amplitude and time to slack reuptake. V p progressively increased (upper limit of detection, $60 lm/s/sarcomere) between 2.2 and 3.0 lm initial SL, albeit much steeper than passive tension. Already at very low passivetension levels (<1-2 mN/mm 2 ), V p could greatly exceed the active unloaded shortening velocity measured in fully Ca 2+ -activated skinned rabbit psoas fibers (11.8 (15°C) or 14.5 (23°C) lm/s/sarcomere), if release steps were sufficiently small. Degradation of titin by low doses of trypsin (0.05 lg/ml; 23°C, 5 min) drastically decreased V p . In intact myofibrils, average V p was faster, the smaller the release step applied. Also, V p was much higher at 30°C than at 15°C (Q10: 2.0-3.04-6.15, for releases of 150-250-450 nm/sarcomere, respectively). Viscous forces opposing the shortening are likely to be involved in determining these effects. The results support the idea that the contractile system imposes a braking force onto the passive recoil of elastic structures. However, elastic recoil aids active shortening during phases of high elastic energy utilisation, i.e., immediately after the onset of contraction under low or zero load or during prolonged shortening from greater physiological SLs. Thus, titin filaments are sufficiently powerful molecular springs to make a significant contribution to the shortening speed of the Ca In rodents, early studies have revealed temperature as an important modifier of contractility at the whole muscle (Ranatunga, 1984, J Physiol 351: 517-529) and single fiber levels (La¨nnergren and Westerblad, 1987, J Physiol 390: 285-293) , and that the effect of temperature on contractility is dependent on myosin heavy chain (MyHC) isoform expression. However, there are significant differences in regulation of muscle contraction between small (e.g. rodents) and large mammals. In humans, contractile measurements at the single muscle fiber level have been restricted to the skinned muscle fiber preparation. This assay has proved to be very useful in basic, applied and clinical research of human skeletal muscle. However, in order to obtain reliable data, measurements are typically conducted at low unphysiological temperatures. The single fiber in vitro motility assay allows reproducible measurements of myosin function, independent of species, through a wide temperature range, including physiological temperatures (Ho¨o¨k and Larsson, 2000, J Muscle Res Cell Motil 21: 357-365) . The aim of this study is to investigate the effect of temperature on function of human fast and slow myosin isoforms by means of the single fiber in vitro motility assay. Myosin was extracted from 2 to 4 mm segments of skinned human muscle fibers in $2-3 ml volume flow cell as previously described (Ho¨o¨k and Larsson, 2000, J Muscle Res Cell Motil 21: 357-365). Actin, purified from rabbit skeletal muscle, was fluorescently labeled with rhodamine-phalloidin and applied into the flow cell. Subsequently, motility buffer, containing 2 mM ATP and bleaching preventing enzymes were added. The flow cell was placed on a thermostatically controlled stage of an epifluorescence inverted microscope. Actin filaments were visualized through a 60Â objective by illumination from a mercury lamp. Actin movements were filmed with an image intensified SIT camera and recorded on VCR for subsequent analysis. Each preparation was exposed for 1-2 min to different temperatures, i.e., 15, 20, 25, 30 and 35°C . After the in vitro motility measurements, the fiber segment was transferred to sample buffer and analyzed on 7% SDS-PAGE for MyHC isoform expression. The speed of 10-20 actin filaments propelled by the different specific MyHC isoforms were measured and averaged at each temperature. We applied the method of differential scanning calorimetry (DSC) for analyzing the changes in the thermal unfolding of G-actin and F-actin induced by their interaction with cofilin. The binding of cofilin to Gactin was shown to increase the actin thermal stability substantially: the thermal transition of G-actin shifts by more than 6°C, from 60.3 to 66.4°C, and its enthalpy (the area under the heat sorption curve) increases by more than two times. In the case of F-actin we observed two different effects of cofilin depending on the molar ratio actin/ cofilin. When actin filaments were fully saturated with cofilin molecules (at actin/cofilin molar ratio equal to 1 or less) the effect of cofilin on the thermal unfolding of F-actin was very similar to that observed with Gactin, i.e. the binding of cofilin increased the thermal stabillity of Factin. Under these conditions cofilin prevented the effects of phalloidin or aluminum fluoride, that are reflected in the shift of the F-actin thermal transition to $80°C. In contrast, we observed a significant destabilization of F-actin by cofilin when actin filaments were not fully saturated with cofilin, at actin/cofilin molar ratio >1. This destabilization was expressed in a strong decrease of the thermal stability of F-actin: the maximum of the thermal transition shifted to lower temperature, by 5-12°C depending on the concentration of cofilin. The most pronounced effect was observed at actin/cofilin molar ratio of 2-6. Under these conditions two peaks were simultaneously observed on the thermogram: the peak of cofilin-stabilized F-actin, with maximum at 65-66°C, and the peak of F-actin destabilized by cofilin, with maximum at 48-52°C. At lower concentrations of cofilin only the peak of destabilized F-actin was observed, and its maximum shifted to higher temperature when the concentration of cofilin decreased. This destabilizing effect of cofilin was highly cooperative, as it was observed even at very low actin/cofilin molar ratio (about 100). This cofilininduced destabilization of F-actin was much less pronounced when the measurements were performed in the presence of ADP, and it was almost completely prevented by addition of phalloidin or aluminum fluoride. Our results suggest that cofilin, when binds to F-actin, stabilizes only those actin subunits to which it directly binds, but it destabilizes with high cooperativity neighboring regions of the actin filament composed of cofilin-free subunits.
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This work was supported in part by RFBR (grants 00-04-48167 and 00-15-97787), by INTAS-RFBR grant IR-97-577, and by the Wellcome Trust. With increasing life expectancy and improved surgical technology an ever larger number of elderly patients with coronary artery disease or with coronary risk factors are undergoing anesthesia for surgery. A number of these patients will suffer from perioperative cardiac complications including severe ischemia or myocardial infarction. Exposing the heart to brief episodes of ischemia (ischemic preconditioning) protects the myocardium against functional damage and cell death caused by subsequent prolonged ischemia. A variety of stimuli including hypoxemia, free radicals, rapid pacing as well as vasoactive hormones and peptides (catecholamines, adenosine, acetylcholine, bradykinin, endothelin, angiotensin-II and opioids) are able to induce preconditioning. Many of these stimuli converge in their signaling pathways on the protein kinase-C (PKC) which in turn may activate sarcolemmal (sarcK-ATP) and mitochondrial (mitoK-ATP) ATPdependent potassium channels. Commonly used volatile anesthetics like isoflurane or sevoflurane are reported to induce pharmacological preconditioning in cardiac tissue. We tested whether these anesthetics mediate their cytoprotective effect by activation of the mitoK-ATP or sarcK-ATP channel in isolated ventricular adult rat cardiomyocytes (VARC). Live cell microscopy was used to visualize and measure autofluorescence of flavoproteins as direct reporter of mitoK-ATP channel activity in response to the selective mitoK-ATP channel opener diazoxide, or to diazoxide following exposure to various anesthetics. A cellular model of 60-min ischemia with subsequent hypoosmolar trypan blue staining served to determine the effects of 5-hydroxydecanoate (selective mitoK-ATP channel blocker), HMR-1098 (selective sarcK-ATP channel blocker), diazoxide and various modulators of putative signaling pathways on the protection of VARC elicited by sevoflurane and isoflurane. Diazoxide-induced mitoK-ATP channel opening was inhibited by the anesthetics R-ketamine, and the barbiturates thiopental and pentobarbital. S-ketamine, propofol, midazolam, and etomidate did not affect the channel activity. Conversely, isoflurane and sevoflurane potentiated the channel opening. Administration of the PKC inhibitor chelerythrine blocked this effect. Also, pretreatment with iso-or sevo-flurane increased the diazoxidemediated protection in the cellular model of ischemia. Cardioprotection afforded by sevoflurane was unaffected by the sarcK-ATP channel blocker HMR-1098 but sensitive to modulation of NO-and adenosine/ Gi signaling pathways, and completely abolished by chelerythrine. In conclusion (i) individual anesthetics have distinctive actions on mitoK-ATP channels, and (ii) the protective effect in cardiomyocytes by sevoflurane is mediated by selective activation of the mitoK-ATP channel through multiple PKC-coupled signaling pathways. We investigated muscular characteristics in hypergravity (HG) conditions of two ankle extensors: the soleus, a slow postural muscle, and its agonist, the fast plantaris, more implied in ankle movements. Adult male Wistar rats were exposed to 19 days of +2G chronic acceleration. The growth of HG rat body weight was lower than that of Cont. After HG, soleus muscle wet weight was increased by 15%, while that of plantaris remained unchanged. Skinned fiber studies revealed that both fiber diameter and maximal tension from soleus were not modified. Analyses of Tension/pCa relationships showed modifications in calcium sensitivity (lower pCa threshold value) and cooperativity (higher Hill coefficient value). According to myosin heavy chain (MHC) electrophoresis, soleus exhibited no changes: HG as well as Cont soleus expressed the same amounts of MHCI ($81%) and MHCIIa ($19%) isoforms. The troponin (Tn) subunit isoform composition was assessed by both electrophoretic and very sensitive immunoblot analyses. HG induced transitions for two Tn subunit isoforms, TnI and TnC, i.e. TnCf and TnIf isoform proportions were increased at the expense of those of their slow counterparts. Surprisingly, TnT (slow and fast) isoform composition was not modified. No change was found in plantaris for any of all the parameters studied. Taken together, these results demonstrated that (i) since plantaris was not altered compared to soleus, a variation of gravity from 1 to 2 g induced changes dependent to muscle function and/or typing; (ii) the isoform transitions in the different regulatory protein isoforms seemed to occur at different extents. Finally, the lack of effect on TnT isoforms, in contradiction with the increase in calcium cooperativity, suggested that other contractile proteins should be changed, for instance: the tropomyosin molecule.
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The influence of myosin light chain 2 dephosphorylation on calcium sensitivity of force development is enhanced in failing human cardiomyocytes J. VAN Phosphorylation of the MLC-2 isoform (MLC-2P) as percentage of total MLC-2 was significantly decreased in failing (21.1 AE 2.0%; n ¼ 6) compared to donor (31.9 AE 4.8%; n ¼ 3) hearts (P < 0:05). In the present study we investigated the functional implications of MLC-2 dephosphorylation in donor and failing human hearts. The effect of MLC-2 dephosphorylation on myofilament contractility was compared between non-failing donor and end-stage failing (NYHA IV) human hearts. Isometric force and the rate of force redevelopment (K tr ) were studied in single Triton-skinned left ventricular cardiomyocytes at various [Ca 2+ ] at 15°C before and after incubation with protein phosphatase-1 (PP-1; 0.5 U/ml; 60 min at 20°C). Maximal isometric force and K tr did not differ between failing and donor hearts, while Ca 2+ -sensitivity of force (pCa 50 ) was significantly increased in failing human myocardium (DpCa 50 ¼ 0:18). K tr decreased with decreasing [Ca 2+ ], although this decrease was less in failing than in donor hearts. PP-1 treatment decreased pCa 50 to a larger extent in failing (0.18 pCa units) than in donor cardiomyocytes (0.08 pCa units). In addition, PP-1 decreased the steepness of the Ca 2+ -sensitivity curve in both donor and failing cardiomyocytes. A decrease in absolute K tr values was found after PP-1 incubation in failing and donor myocytes, while relative K tr values remained unaltered. As a result PP-1 decreased the force-dependency of K tr in both donor and failing myocytes. Our results indicate that the response to MLC-2 dephosphorylation is enhanced in end-stage failing human hearts, despite of the reduced level of basal MLC-2 phosphorylation. This may be a potential compensatory mechanism to reverse the detrimental effects of increased Ca 2+ -sensitivity and increased Ca 2+ -handling on diastolic function in human heart failure.
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Phosphorylation of myosin light chain 2 is decreased in human heart failure J. VAN 4 Department of Cardiology and Pneumology, Georg-August-University Go¨ttingen, Go¨ttingen, Germany
In human heart failure type 1 phosphatase activity is increased, which may cause a reduction in the level of dephosphorylated myosin light chain 2 (MLC-2) and subsequently decrease myocardial contractility. The objective of this study was to investigate if MLC-2 phosphorylation was decreased and whether myofilament contractility was altered in human heart failure. A comparison was made between end-stage failing human myocardium (NYHA class IV) and nonfailing, donor hearts. MLC-2 phosphorylation was determined by twodimensional gel electrophoresis. Isometric force and the rate of force redevelopment (K tr ) were studied at various Ca 2+ concentrations in single Triton-skinned left ventricular cardiomyocytes. MLC-2 in the human ventricle consists of two isoforms (MLC-2 and MLC-2*), which may both be phosphorylated (MLC-2P and MLC-2*P). Phosphorylation of the MLC-2 isoform (MLC-2P) as percentage of total MLC-2 was significantly decreased in failing (21.1 AE 2.0%; n ¼ 6) compared to donor (31.9 AE 4.8%; n ¼ 3) hearts (p < 0:05). -responsiveness of force and K tr were both significantly increased in failing compared to donor myocytes. The relationships between relative K tr and relative force were approximately linear in both donor and failing myocardium. In conclusion, the basal level of MLC-2 phosphorylation is decreased in end-stage human heart failure. However, this was not associated with decreased myofilament contractility. In contrast, an increase was observed in both force and K tr as a function of [Ca 2+ ] which may be the resultant of concurrent changes in isoform composition and phosphorylation status of the different contractile proteins involved. Energy release in contracting muscle is complex because forcedependent and force-independent components are enmeshed into the time-course of total energy output. We have compared isometric contraction energetics in intact and skinned fibres to (i) establish the time-course of force-dependent energy production and (ii) quantify the actomyosin ATPase contribution to total energy output. Energy release during 3.5 s tetanii was monitored as heat production according to Woledge et al. (1985, Energetic Aspects of Muscle Contraction, Academic Press) in intact fibre bundles (4-12 fibres) from the dogfish (Scyliorhinus canicula L.). Energy release was determined in a series of contractions at optimal length (L o ) and at longer fibre lengths (i.e., decreasing filament overlap). The slopes from plots of relative energy release at selected time-points in the tetanus vs. relative force production were used to model the force-dependent component of total energy release. Energy production was also monitored in single Triton-permeabilised fibres using two independent fluorescent assays. Initial rates of energy release were calculated from the binding of P i to MDCC-labelled protein following initiation of contraction by the photolytic release of ATP from NPE-caged ATP (He, et al. 1999 , J Physiol (Lond), 517: 839-854). The final, stable rate of energy release was determined from NADH oxidation coupled to ADP production in a linked enzyme assay (Sun et al. 2001, J Physiol (Lond), 531: 781-791). Comparisons with intact fibres were made by assuming 34 kJ/mol P i or ADP released and fibre density = 1.06 g/ml. Initially energy is released by intact fibres at a high rate (220 lJ/mg s, n ¼ 14); this declined to a slower stable rate (45-50 lJ/mg s) by about 1.5 s. The initial rate of energy release by skinned fibres was 150 lJ/mg s (P i -binding protein assay, n ¼ 15). It is likely that activation processes involving Calcium account for the difference in the initial rates. The energy release in the P i -binding study agreed well with the force-dependent energy release in intact fibres, indicating that the ATP hydrolysis in skinned fibres matched the actomyosin ATPase activity in the intact system. The ATPase activity late in the contraction time-course (31 lJ/mg s; NADH-assay, n ¼ 4) was 1/5th of that determined in the first 0.1 s (P i -binding assay). The two independent skinned-fibre assays concur with the intact fibre result which shows that the rate of force-dependent energy release declines throughout an isometric tetanus. inhibited up to 30%. The inhibition was linearly correlated with the ATP/ADP ratio. 3. Calcium release was only slightly affected by the addition of AMP. 4. Addition of up to 2 mM IMP to a muscle homogenate had no effect on either the calcium uptake or the calcium release. 5. In isolated SR some activity of adenylate kinase and AMP deaminase was still present. After addition of 2 mM AMP (final concentration) the calcium uptake was inhibited by 35%, whereas IMP had no effect. This inhibition was accompanied by a decrease of the ATP/ADP ratio. These results may be interpreted as an indication that during exhaustive exercise, as a consequence of the deamination of AMP to IMP, the ATP/ADP ratio can be kept at a relatively high level, in this way preventing a substantial slowing down of the SR calcium uptake rate. -load or phosphorylation of the RyRs), but also for new concepts of impaired cardiac EC-coupling. Indeed, a reduced efficacy of cardiac EC-coupling has been observed on this molecular level in various models of cardiac disease, such as cardiac hypertrophy and failure. Thus, the various mechanisms affecting the efficacy of cardiac Ca 2+ signaling and EC-coupling, both during physiological activity and disease, warrant detailed characterization in the future.
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SESSION IV EC-COUPLING AND MUSCLE FATIGUE
IV-2: Oral presentation 16 September, 9:30-10:00 E-C coupling, oxidation and muscle fatigue: insights from skinned muscle fibres G.D. LAMB Department of Zoology, La Trobe University, Melbourne, Victoria 3086, Australia
The excitation-contraction (E-C) coupling sequence in rat skeletal muscle was examined using mechanically skinned fibres. It was found that even though the transverse tubular (T-) system sealed off and the cytoplasm open to the bathing solution, the normal E-C coupling mechanism was preserved and fully functional, with the voltagesensors in the T-system closely controlling the activation of the calcium release channels in the sarcoplasmic reticulum (SR). Transverse electric field stimulation evidently elicited action potentials (APs) in the sealed T-system, giving twitch and tetanic force responses highly comparable to those in intact fibres. It was also found that APs could travel along the length of a skinned segment in longitudinal elements of the T-system, sequentially activating adjacent sarcomeres. Initially the skinned fibres had the endogenous level of Ca 2+ loading in the SR, this being near the maximal SR capacity in slow-twitch fibres but only one-third of maximum in fast-twitch fibres. 2+ release, but this has little or no effect on the amount of Ca 2+ released by AP-stimulation. Oxidation increases twitch force in fast-twitch fibres by increasing the sensitivity of the contractile apparatus to Ca 2+ by two distinct mechanisms, one being an activation-dependent process and the other, more prominent effect, requiring the presence of glutathione. The latter process, which does not occur in slow-twitch fibres, may contribute to the phenomenon of post-activation potentiation in intact fibres. Oxidation can also inhibit the function of the voltage-sensor. It is suggested that some forms of muscle fatigue are caused by inadequate activation of the calcium release channels due both to (a) inactivation or dysfunction of the voltage-sensors and (b) inhibitory effects on the release channels caused by changes in the cytoplasmic environment, such as low [ATP] Excitation-contraction (e-c) coupling in muscle cells is a mechanism that allows transduction of exterior-membrane depolarization in Ca 2+ release from the sarcoplasmic reticulum (SR). In skeletal muscle the communication between external and internal membranes is possible thanks to a mechanical interaction between the a 1 subunits of dihydropyridine receptors (DHPRs, L-type Ca 2+ channels of exterior membranes) and the four subunits of ryanodine receptors type1 (RyR1s, the Ca 2+ release channels of the SR). In the last decade knockout models have become invaluable tools in the study of protein function and protein/protein interactions in many cellular mechanisms. Dysgenic and dyspedic mice, two mutant mice carrying respectively null mutations for a 1s DHPR and RyR1, have been extremely important in our understanding of the structural and functional role of these two proteins in skeletal e-c coupling. In order to facilitate further studies, we have created a double knockout (dKO) mouse, which is null for both a 1s DHPR and RyR1. Here we present an initial characterization of primary dKO myotubes from leg muscle: immunocytochemistry and electron microscopy show that differentiated primary myotubes isolated from leg muscle develop SR/ exterior membrane junctions with normal clustering of triadin and calsequestrin. Six days after differentiation dKO myotubes do not release Ca 2+ in response to K + depolarization, but large Ca transients are restored by co-expression of the two missing proteins. Restoration of skeletal type e-c coupling is possible thanks to the parallel restoration of DHPR-tetrads, the structural element that allows a 1s DHPR/RyR1 mechanical interaction. dKO myotubes represent an ideal system for co-expressing various combinations of DHPR and RyR chimeras and we believe that this new knockout model will greatly enhance the ability to map multiple interaction sites between the two proteins. ] i ) were measured on C2C12 cells. The cells were cultured in the presence of 15% foetal calf serum and studied on the 2nd, 5th, 7th and 9th days of culture. These days were selected to represent different stages of development with essentially only myoblasts (2nd), primary (5th) and secondary (7th) myotubes. [Ca 2+ ] i was measured using the fluorescent indicators fura-2 or fluo-3. The dyes were excited using a Xenon arc lamp (PTI DeltaScan, USA) or an Argon laser connected to the confocal laser scanning microscope (Zeiss LSM 510, Jena, Germany), respectively. The resting [Ca 2+ ] i was found to only slightly increase with development being 43 AE 4 and 62 AE 4 nM (n ¼ 15 and 24, mean AE SE) at the 2nd and 7th days, respectively. Both spontaneously active and quiescent cells were present in our cultures. Spontaneously active cells displayed both local elementary events and propagative calcium transients traversing the entire cell. The latter were observed on 28% of multinucleated myotubes and displayed 3.4 AE 0.5 Hz frequency (n ¼ 9). On quiescent cells ATP at the concentration range 10-300 lM and KCl at 30-120 mM were found to evoke changes in [Ca 2+ ] i . While ATP was effective on both myoblasts (amplitude of the calcium transients 116 AE 20 nM, n ¼ 13; [ATP] ¼ 300 lM) and multi-nucleated myotubes (173 AE 25 nM, n ¼ 8; [ATP] ¼ 300 lM), KCl failed to induce measurable change on 2 days old cultures. In later stages of development the 120 M KCl evoked changes in [Ca 2+ ] i were 195 AE 26 (n ¼ 25; 5 days), 202 AE 17 (n ¼ 17; 7 days) and 230 AE 16 (n ¼ 30; 9 days). Western blot analysis revealed the presence of both P2X and P2Y purinoreceptors on these cells. However, while the ionotropic P2X4 receptor was present at all stages of development, the metabotropic P2Y4 appeared only in 9 days old cultures. These results are consistent with the existence of a purinergic both P2X and P2Y receptor mediated signal transduction pathway on C2C12 skeletal muscle cells. Experiments on skinned skeletal muscle fibres have led to the suggestion that failure of the SR Ca 2+ release mechanism during fatigue may result from calcium phosphate precipitation (Ca-Pi) within the SR lumen (Fryer et al., 1995, J Physiol 482: 123-140) . One potential difficulty with this hypothesis is that the rise in cytosolic [P i ] occurs before release failure. However, it has been suggested that (i) P i -entry into the SR may be inhibited at normal cytosolic [ATP] and (ii) ATP depletion in the later stages of fatigue may be the stimulus for Pi-entry into the SR and subsequent Ca-P i precipitation (Posterino and Fryer, 1998 ; J Physiol 512: 1:97-109). We have investigated the influence of cytosolic [ATP] on Ca-P i precipitation in mechanically skinned muscle fibres from rat extensor digitorum longus. Fibres were suspended in a small chamber ($6 ll) and perfused with solutions containing (mM) HEPES, 90; creatine phosphate, 10; ATP, 8-1; HDTA, 50; NaN 3 , 2; BAPTA, 0.2; Ca 2+ , 0.0002. Fura-2 (1.5 lM) was also included in the solutions to enable changes in [Ca 2+ ] within the preparation to be monitored. Following equilibration with a solution containing ‡6 mM P i and 8 mM ATP, a maintained decline in the free [Ca 2+ ] occurred within the bath when the volume was restricted by stopping the flow. As shown previously, this results from P i entry into the SR followed by precipitation of Ca-P i (Duke and Steele, 2001, J Physiol 531: 729-742 uptake. Decreasing the free [ATP] from 8 to 1 mM had no apparent effect on the Ca-P i precipitation. These results suggest that (i) in the presence normal cytosolic levels of ATP, P i can enter the SR, leading to Ca-P i precipitation and (ii) a substantial reduction in cytosolic [ATP] from 8 to 1 mM does not influence Ca-P i precipitation under these conditions. Patients with end-stage renal disease (uremia) have limited physical capacity and muscle weakness which severely affects their daily life whether it be work-or recreation-related (Nakao et al., 1982, Nephron 31: 111-115) . In recent years research into renal failure and uremic myopathy has focused on the training aspect of patient health which alleviates the muscle atrophy that underlies the muscle weakness which occurs in patients on haemodialysis (Eidemak et al., 1997, Nephron 75: 36-40) . To date, however, there is limited knowledge of the changes that occur in muscle function and structure with the progression of this disease, or indeed the restorative effects that exercise training can have. Surface electromyography combined with spatial temporal mapping (STM) and spike analysis provides a quick, non-invasive and pain-free means of measuring muscle function in these subjects. In a preliminary trial involving four uremic (male (2); mean age 50 years) and seven control subjects (male (5); mean age 46 years: ethics approved KA 01164m), measurement of the surface EMG signal from m. vastus lateralis arising from voluntary leg extension from a sitting position, and m.2nd dorsal interosseous was differentially recorded via two N-00-S blue sensor electrodes at a sampling rate of 40.000/s using a MacLab 8s and a G4 Powerbook. Results showed: (1) a shift in the STM towards lower frequencies in uremic vs. control subjects, a pattern that was reversed after 4 h dialysis, (2) a lower initial frequency of action potentials in uremic patients vs. control subjects which was significant after 3 s of contraction (23.34 AE 12.42 Hz and 54.77 AE 7.17 Hz; mean AE SEM for uremic and control subjects, respectively, P ¼ 0:02), and (3) an increase in the number of spikes and their amplitude postdialysis: m.2nd dorsal interosseous -pre dialysis 139 spikes and 0.177 mV vs. post-dialysis 1322 spikes and 1.24 mV. It is concluded that surface EMG analysis provides a much needed insight into the muscle weakness that is symptomatic of uremia. . We studied the effect of ADPr on the Ca 2+ release channel of skeletal muscle RyR1 after incorporation of microsomes isolated from extensor digitorum longus muscle from rat in planar lipid bilayers. The Ca 2+ concentration was carefully adjusted in the cis and trans compartiments to pCa 5 or 6. We observed an increase in the electrophysiological activity of the channel after incorporation of the ADPr (10 lM) at pCa 5 and even at pCa 6. The open probability which is low in control condition (P o ¼ 0:0036 AE 0:006; n ¼ 4, pCa5) did not increase significantly during the first minutes of application. A significant increase is observed after 5 min (P o ¼ 0:0165 AE 0:0053) and much more after 7 min (P o ¼ 0:0345 AE 0:005). The analyses of the open and closed lifetime distributions and probability density functions show that the time constants are not significantly modified after 7 min of ADPr. The increase in P o is mainly due to the opening of the channel with the longer open time constant. These results indicate that ADP ribose, an analog of cADPr, is a potent activator of the Ca 2+ release channel RyR1 of skeletal muscle at micromolar concentration of calcium. However, RyR1 seems to be less sensitive to this activation than RyR2. The long time course observed for the development of ADPr effect may indicate that this activation induces a change in the conformation of the channel RyR1 which increases its sensitivity to calcium. -ions against their concentration gradient into the sarcoplasmic reticulum. Thus they are central to the control mechanism for muscle relaxation and many other physiological processes involved in Ca 2+ homeostasis. SERCA I is the predominant SERCA isoform in adult fast twitch skeletal muscle and SERCA II is the predominant SERCA isoform in cardiac or slow twitch muscle. Although a vast amount of research has been carried out on the molecular characteristics and reaction of SERCA, it is still uncertain whether SERCA exists as a monomer or an oligomer. Analysis of the secondary structure predicts a sufficient number of transmembrane helices to constitute an ion channel and Ca 2+ induced crystallisation results in the formation of monomeric units. However there is increasing evidence that the Ca
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ATPase exists self-associated in the membrane in oligomeric form. We performed comparative chemical crosslinking analysis of fast twitch (EDL) muscle and slow twitch (SOL) muscle, to determine if Ca
ATPase exists self associated in the membrane in oligomeric form. Chemical crosslinking was used as it allows evaluation of the quaternary structure of proteins without disruption of the normal position of the intramembrane portion of the molecule. Crosslinking using the lipid soluble crosslinker DSP was found to form tetramers of SERCA I in EDL muscle and tetramers of SERCA II in SOL muscle. This would indicate that the tetrameric form of both SERCA I and SERCA II are the physiological units of SERCA I and SERCA II. These protein-protein interactions between SERCA subunits, which make up the tetrameric structure, could have a role to play in cooperative kinetics and protection against proteolytic degradation. Heavy SR vesicles were prepared using rabbit skeletal muscle followed by the determination of the 3 H-ryanodine binding of the vesicles in the absence in the presence of ATP or spin-labeled ATP [SL-ATP, 3¢-O-(1-oxyl-2,2,5,5-tetramethyl-3-carbonyl pyrrolidine) adenosine 5¢ triphosphate]. Hill analysis revealed that in the absence of ATP the apparent k d for ryanodine binding was 25.9 AE 3.12 nM and the ryanodine binding capacity of the receptor, B max , was 8.68 AE 0.58 pmol/mg. In the presence of 300 lM ATP the ryanodine affinity decreased to a k d ¼ 34:3 AE 3:2 nM and binding capacity increased up to B max ¼ 12:2 AE 0:7 pmol/mg. The widely used SL-ATP exhibited basically unaltered binding capacity (B max ¼ 8:15 AE 0:53 pmol/mg) but decreased affinity (k d ¼ 34:7 AE 3:7 nM) for 3 H-ryanodine. The ryanodine binding as a function of ATP concentration showed a characteristic biphasic activation -in agreement with the previous observationshowever, when SL-ATP was used, a slight activation of binding at SL-ATP concentration of around 100 lM was followed by substantial decrease in ryanodine binding at SL-ATP concentrations above 400 lM. Single channel measurements using solubilized RyR1 incorporated into Mueller Rudin type bilayer unveiled a time dependent action of the SL-ATP. After addition of 100 lM SL-ATP the open probability (P o ) increased by about 30% and remained on that elevated level for an extended period of time. Increasing the SL-ATP concentration up to 500 lM results in a further increased P o for a period of 30-100 s followed by a sudden closure of the channel. This effect can be reverted by the addition of 1 mM ATP indicating that SL-ATP can be displaced from the ATP binding site. These data suggest that SL-ATP shows effects on the ryanodine receptor that exceed those of ATP and should therefore not be used as a simple ATP analog. The spin-label moiety at the ribose of ATP seems to add further effector function to the analog that will have to be investigated further. The ESR-spectra of SL-ATP in complex with RyR show the typical signals of protein-immobilized radicals. Initial studies indicate a dissociation constant of less than 50 lM for the nucleotide analog. The elaborate organization of the sarcoplasmic reticulum of skeletal muscle fibers into distinct functional domains underlies the necessity of these cells to be able to control intracellular calcium homeostasis in relation to the activation of muscle contraction, but also of other functions. Understanding how such domains are assembled and how key proteins for calcium homeostasis redistribute among them has been difficult and is still poorly understood. At the same time how the sarcoplasmic reticulum redistributes around the myofibrils and how the junctional and the longitudinal sarcoplasmic reticulum can maintain their specific interactions with specific regions of the sarcomere is completely obscure. We are studying skeletal muscle as a model cell with respect to the organization of their specialized calcium store. Our goal is to understand the relative organization of the sarcoplasmic reticulum at the molecular level. We have recently identified a family of proteins of the sarcoplasmic reticulum, which are apparently capable to interact with component of the skeletal muscle cytoskeleton. We shall report on the characterization of these interactions with respect to their potential involvement in the organization of the sarcoplasmic reticulum.
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The study of muscle during fatiguing stimulation using the time-resolved X-ray diffraction technique The ability of striated muscle to potentiate its twitch tension response P(t) after preliminary stimulation at short-term stimulus history and during fatigue has been studied. Experiments at a time resolution of 1-10 ms have been carried out using the synchrotron radiation of VEPP-3 (Novosibirsk) and DORIS (Hamburg) and a specially modified time-resolved X-ray diffraction technique (Vazina et al., 1979, Biofizika, 24: 495 (in Glasgow, Scotland, 1999, p. 225) . The time courses of P(t) and the intensity changes I(t) have been obtained for meridional reflections at spacing 44.0, 21.4, 14.3 nm and equatorial reflections (1,0), (1,1) and background underneath them. Two different protocols were used for collection of data: frog sartorius muscle was stimulated repetitively (fatigue) or by double pulses at 30-300 ms interval. It was shown that the time courses of intensity changes follow P(t) with different shifts relative to the moment of stimulation. The biphasic behaviour of the intensity of 14.3 nm reflection disappears. The fatiguing contraction results in a significant decline of P(t) and the intensities of reflections and is accompanied by a slowing down of the relaxation; the intensities of X-ray reflections delay relative to P(t) and don't recover to the rest level. This may be related to the kinetic changes of cross-bridge turnover: the cross-bridges cannot spontaneously return to the vicinity of the thick filament -they are 'frozen'; in a metastable state. The normal structural kinetics of the fatigued muscle can be restored by a double stimulation whose proficiency depends on interpulse interval. The first tension response to pairwise stimulation is very resistant to fatigue, whereas the second one is very sensitive to fatigue. We suggest that the relaxation of muscle is an active process.
The work was supported by the RFBR grants 99-02-17879, 00-02-17272, 00-02-17469, 01-02-9741 and 02-02-16836.
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Fast-and slow-twitch skeletal muscle fibres can be highly fatigue resistant despite the absence of mitochondrial creatine kinase activity Creatine kinase (CK) is believed to be of key importance for mitochondrial respiration and ATP production. Nevertheless, we have previously shown that isolated skeletal muscle fibres deficient of both cytosolic (M-CK) and mitochondrial (ScCKmit) CK (i.e. CKÀ/À fibres) are more fatigue resistant than wild-type fibres during a stimulation regimen that puts a large stress on oxidative metabolism. CKÀ/À fibres have a higher mitochondrial content and this might contribute to their increased fatigue resistance, provided that the mitochondria can work effectively in the absence of ScCKmit. To test this, isolated fast-twitch muscle fibres from the flexor digitorum brevis of CKÀ/À mice were fatigued in the presence of 2 mM cyanide, which inhibits mitochondrial respiration. Fatigue was produced by repeated 350 ms 70 Hz contractions given every 2.5 s. Fatiguing stimulation was stopped after 100 contractions or when force was reduced to 40% of the control. Fibres were initially fatigued in the absence of cyanide and after 100 contractions, tetanic force was not significantly lower than the control (80.0 AE 8.6%; n ¼ 5). The fibres were then allowed to recover for 90 min before being exposed to cyanide for 15 min and fatigued again. Tetanic force now fell rapidly and was reduced to 40% of the control after 34.6 AE 6.2 contractions. These results indicate that mitochondria can function effectively in the absence of ScCKmit. ScCKmit may be more important in slow-twitch fibres where the mitochondrial CK activity is markedly higher than in fast-twitch fibres. Therefore, we also studied fatigue development in isolated slowtwitch fibres from soleus muscles. These fibres were fatigued by applying a total of 500 contractions (50 Hz, 500 ms duration) given at 1 s interval, i.e. with a duty cycle of 0.5 that puts a large stress on mitochondrial respiration. At the end of this stimulation period, tetanic force production was not significantly lower than the control (80.5 AE 10.3%; n ¼ 6). In conclusion, both slow-twitch and fast-twitch CKÀ/À muscle fibres are highly fatigue resistant. This demonstrates that mitochondria can function effectively in the absence of ScCKmit. This suggests that either the role of ScCKmit in mitochondrial respiration has been exaggerated or that other adaptive changes in CKÀ/À muscle fibres diminish the importance of mitochondrial CK activity. Two mutations in cardiac troponin T have been reported to cause autosomal dominant inherited dilated cardiomyopathy (DCM), one being a missense mutation (Arg141Trp), the other causing the deletion of a single lysine (DLys210). In order to evaluate how these mutations affect troponin function, we have reconstituted both wild type and DCM mutant human cardiac troponin using recombinant subunits and compared the properties of wild type and mutant troponin in vitro. In actin-tropomyosin-activated myosin S-1 ATPase assays, both wild type and mutant complex gave similar inhibition (>80%) of ATPase at pCa8.5. Under activating conditions (pCa4.5) filaments containing wild type troponin gave enhanced ATPase of 206% compared with actin-tropomyosin alone; in contrast, both mutant troponins gave significantly lower activation (Arg141Trp 142%, DLys210 167%). The calcium dependence of ATPase activation mediated by wild type and mutant troponin was also compared. Both DCM mutant troponins gave significantly reduced coooperativity (Arg141Trp n H ¼ 1:76, DLys210 n H ¼ 1:30) compared with wild type (n H ¼ 2:4). The calcium sensitivity was decreased in experiments using complex containing Arg141Trp troponin T (DpCa50 ¼ À0:16 compared with wild type) but increased using the DLys210 mutant (DpCa50 ¼ þ0:19). However in studies using 50:50 mixes of wild type and mutant troponin, the expected ratio in affected individuals, both mutant troponin gave decreased calcium sensitivity (DpCa50 ¼ À0:41 and )0.09 for Arg141Trp and DLys210 respectively). In vitro motility assay of reconstituted thin filaments confirmed the ATPase results and moreover indicated that the predominant effect of the DLys210 mutation was a reduced sliding speed. Under activating conditions, wild type thin filaments moved at 113 AE 4% the velocity of actin-tropomyosin whereas mutant thin filaments moved at only 100 AE 3% of this rate. We are currently completing the characterisation of the Arg141Trp mutant in the motility assay. Our results to date show that the effect of DCM troponin T mutations on troponin function (decreased maximum activation, lower cooperativity, decreased calcium sensitivity) is qualitatively different from those produced by mutations in the same gene that cause hypertrophic cardiomyopathy (reviewed by Knollmann and Potter in Trends Cardiovasc Med 2001; 11: 206-212) . These changes in thin filament regulation are similar to those observed with troponin extracted from failing, compared with normal, human heart (see abstract by Knott et al.) and moreover to changes produced by a Glu40Lys mutation in a-tropomyosin (see abstract by Mirza et al.)
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suggesting that such perturbations may provide a specific stimulus for the production of the dilated, rather than hypertrophic, phenotype.
Supported by grants from the British Heart Foundation. The mutations E40K and E54K in human a-tropomyosin have been reported to cause inherited dilated cardiomyopathy. (Olson et al., 2001, J Mol Cell Cardiol 33: 723-732) . We examined the functional properties of thin filaments reconstituted with rabbit skeletal muscle f-actin, human cardiac troponin and bacterially expressed human a-tropomyosin with an ala-ser N-terminal extension to normalise endend interactions. When compared with wild-type a-tropomyosin using actomyosin ATPase and in vitro motility assays, the two mutants produced divergent effects. In thin filaments containing the E40K mutant tropomyosin the potentiation of Actin-tm S-1 ATPase activity and the speed of filament sliding when troponin is added at pCa5 were greatly diminished (ATPase in presence troponin was 210% of actintropomyosin with wild-type but only 120% with E40K tropomyosin; sliding velocity was increased by 28% in the presence of troponin with wild-type but by 0% for E40K tropomyosin). In addition there was a 20% reduction in the fraction of filaments motile on addition of troponin. At pCa9 the wild-type and mutant thin filaments were indistinguishable. Ca 2+ activation curves showed that both in ATPase assay and motility assay, the Ca 2+ sensitivity of activation was slightly reduced (DpCa ¼ 0:16 pCa units) whilst the cooperativity of activation was substantially reduced. These changes are similar to those observed with DCM mutations in troponin T (see abstract by Redwood et al.) and also in troponin extracted from failing human heart (see abstract by Knott et al.) and thus suggest a common molecular phenotype. In contrast, when the E54K mutant a-tropomyosin was incorporated into thin filaments there was a slightly increased ATPase and sliding velocity at pCa5 and similar relaxation at pCa9 compared with wildtype a-tropomyosin. Ca 2+ -sensitivity of activation was increased in the in vitro motility assay but decreased in ATPase assay, with cooperativity unchanged in both. Since the small effects on contractility caused by the E54K mutation are opposite in direction to the other DCM mutations tested, it is possible that this is not a true DCMlinked mutation. It is noted that the E54K mutation has only been detected in one individual with DCM and so there is no evidence for co-segregation; therefore it remains possible that a mutation in another gene is responsible for the DCM phenotype in this individual.
Supported by grants from the British Heart Foundation. PKA-dependent phosphorylation of the two serine residues in the amino terminal region unique to cardiac troponin I (cTnI) is known to cause two effects: mono-or bis-phosphorylation reduces the maximum Ca 2+ activated actoS1-ATPase activity as well as the maximum Ca 2+ activated mean sliding velocity of reconstituted thin filaments, bisphosphorylation also causes a rightward shift of the Ca 2+ activation curves of actoS1-ATPase activity, sliding filament velocity, and force generation. We have studied the influence of cTnI phosphorylation on the Ca 2+ regulation of actin-myosin interaction in the presence of two fHCM-causing cTnI mutants, G203S and K206Q. Actin filaments were assembled with tropomyosin and human cardiac troponin reconstituted from recombinant subunits including cTnI G203S or K206Q in a defined phosphorylation state. The regulatory properties of these reconstituted filaments were studied using actoS1-ATPase activity and in vitro motility assays. cTnI G203S behaves similarly to wild-type cTnI, i.e. the mutation itself has no measurable effect and bis-phosphorylation of mutant cTnI alters actoS1-ATPase activity and in vitro thin filament motility in the same way as does wild-type cTnI bis-phosphorylation. In contrast, the mutation K206Q leads to considerable increases in the maximum levels of both of these Ca 2+ -dependent processes compared to wild type. At the same time, bis-phosphorylation of mutant cTnI still suppresses the maximum actoS1-ATPase activity and filament sliding velocity but does no longer affect the Ca 2+ sensitivity of these processes. Thus, these two fHCM-linked cTnI mutations, although reflecting similar pathological situations, exert different effects on the actomyosin system in response to phosphorylation of the serines 22 and 23 of cTnI which may explain the different clinical manifestations observed in patients carrying these mutations. ]-dependencies of isometric force production and of the rate constant of tension redevelopment (k tr ) (following unloaded shortening and restretch) were determined in parallel using left ventricular Triton-permeabilized human myocardial cells of end-stage failing (NYHA IV) and nonfailing donor hearts (T ¼ 15°C). Mechanical data were recorded under control conditions (pH 7.2, inorganic phosphate (P i ) 0 mM) and in the presence of various combinations of ischemic metabolites to target the functions of the thin and/or the thick filaments. Solutions with: pH 6.5 and 0 mM P i were used to evoke negative effects predominantly on the Ca 2+ -binding properties of the thin filament troponin C; pH 7.2 in combination with 10 mM P i were employed to counteract with the P i -release step of the actin-myosin cycle; and finally, pH 6.5 and 10 mM P i were selected to influence both of the above processes simultaneously. Control maximal Ca 2+ -activated force (P o ) and k tr max in failing myocytes did not differ from those of nonfailing myocytes (38 AE 4 vs. 36 AE 3 kN/m 2 and 1.00 AE 0.06 s À1 vs. 0.93 AE 0.02 s À1 , n ¼ 18 vs. n ¼ 34, respectively (mean AE SEM)). At submaximal [Ca 2+ ], however, force and k tr were higher in failing than in donor myocytes. These data suggest a higher Ca 2+ -sensitivity of force (DpCa 50 ¼ 0:15 (pCa ¼ Àlg½Ca 2þ Þ) and of k tr in failing than in donor myocytes under control metabolic conditions. Consistent with a comparable action of H + on the thin filament Ca 2+ -regulatory function in failing and in donor myocytes, pH 6.5 greatly, however, similarly decreased the Ca 2+ -sensitivities of force production in both myocyte populations. In contrast, 10 mM P i decreased force at submaximal [Ca 2+ ] more in failing than in donor myocytes and, thus abolished the difference in their apparent Ca 2+ -sensitivities at pH 7.2, and at pH 6.5, as well. The increased P idependence of force production was paralleled by a relatively smaller increase in the actin-myosin turnover rate specific k tr in failing myocytes than in donor myocytes at every submaximal Ca 2+ concentrations tested (at pH 7.2). Thus, our results indicate a preserved link between the Ca 2+ -sensory function of the thin filament and the force generating actin-myosin interactions, however, they also implicate a functionally altered P i -release step of the actin-myosin cycle during end-stage human heart failure.
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Supported by research grants OTKA-T035279, NKFP 1/007/2001 and by the Vrije Universiteit of Amsterdam. More than 90% of patients on prolonged mechanical ventilation develop a neuromuscular weakness. Further, approximately 70% of patients with multiorgan dysfunction syndrome or septicemia develop a polyneuropathy or myopathy after mechanical ventilation and prolonged treatment with non-depolarizing neuromuscular blocking agents (NMBA) and corticosteroids (CS). The myopathy associated with this condition has received increasing scientific attention and it is commonly referred to as critical illness myopathy, thick filament myopathy, or acute quadriplegic myopathy (AQM). AQM is characterized by symmetrical weakness or paralysis of the spinal nerve innervated proximal and distal muscles, decreased compound muscle action potentials (CMAP), and intact cognitive and sensory function. Clinical studies demonstrate complete or partial loss of the motor protein myosin, a block of myosin synthesis at the transcriptional level, and a gradual recovery from weakness or paralysis in the patients who survive the primary disease, over a 3-12 month period (see Larsson et al., 2000, Crit Care Med 28: 34-45) . However, all these analyses were performed in patients who had progressed to an established AQM, with the first biopsies taken 2-3 weeks after admission and treatment with NMBA and CS. This study aims to investigate the underlying cellular and molecular pathophysiology in an animal model, which allows detailed studies of the regulation of myofibrillar protein synthesis, expression and content during early stages of AQM. For this purpose we have used a clinically relevant in vivo porcine model of AQM where the animal was mechanically ventilated and exposed to NMBA, CS, and an endotoxin induced sepsis. In the initial experiments, we compared myofibrillar protein expression and content at the single fiber level using 3D reconstructions of confocal images, aggressive protein extractions and sensitive protein quantification techniques together with real-time quantitative PCR measurements of myofibrillar protein mRNA levels in domestic female pigs mechanically ventilated and exposed to different combinations of CS, NMBA and sepsis. Preliminary experiments confirm a preferential decrease in myosin mRNA levels in response to NMBA and CS. We are presently quantifying the parallel changes in myofibrillar protein content normalized to fiber volume prior to the treatment and after 3 and 5 days exposure to NMBA, CS, and/or sepsis.
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V-6: Poster presentation Altered phosphorylation levels in troponin from failing human hearts A. KNOTT and S. MARSTON Department of Cardiac Medicine, National Heart and Lung Institute, Imperial College of Science, Medicine and Technology, London, UK Over recent years, considerable attention has been paid to the role of myofibrillar proteins and how their function is altered in heart failure. It has also been suggested that the changes in myofibrillar proteins, with troponin being the major player, may be the primary event in heart failure, with altered Ca 2+ handling being a compensatory effect. In these studies, troponin was extracted from nonfailing and failing human hearts and then reconstituted with actin and tropomyosin to form thin filaments, which were studied for their functional properties by use of the in vitro motility assay. It was found that thin filaments containing failing heart troponin moved slower at pCa 5 (F ¼ 35 AE 2% and NF ¼ 52 AE 4% faster than actintropomyosin) and a higher Ca 2+ -sensitivity than non-failing (DpCa50 ¼ 0:23 AE 0:05 pCa units). Western blot analysis of troponin samples revealed no difference in troponin T or troponin I isoform expression or degradation between non-failing and failing hearts that could account form these differences. Extracted human cardiac troponin was treated with alkaline phosphatase for 18 h at 4°C to non-specifically dephosphorylate the troponin complex. Thin filaments containing treated troponin from non-failing and failing hearts showed a diminished difference in sliding velocity and no difference in Ca 2+ -sensitivity. This indicates that the functional differences between non-failing and failing heart troponin are mostly due to different levels of phosphorylation. We have performed experiments whereby subunits of the troponin complex have replaced with the equivalent recombinant human cardiac protein to determine which subunit is altered in the failing heart. Replacement of troponin T did not affect the functional differences. We have investigated PKA phosphorylation levels of troponin I by an in vitro back phosphorylation method using PKA catalytic subunit and [c 32 P]ATP. The levels of PKA phosphorylation of troponin I were indistinguishable between non-failing and failing human hearts (NF ¼ 1:24 AE 0:28, F ¼ 1:48 AE 0:29 moles phosphate per mole troponin I). These results suggest that there are differences in the level of phosphorylation of troponin I of failing hearts. However, these differences are due to kinases other than PKA and we are currently investigating the role of PKC phosphorylation. Ischemia-induced cardiomyopathy usually is associated with elevated left ventricular end-diastolic pressure (LVEDP), which follows from increased myocardial stiffness due to increased collagen expression. Collagen is a principal contributor to left ventricular wall stiffness, along with the giant sarcomere protein titin and intermediate filaments (which play a lesser role compared to the former two components). Human cardiac-muscle sarcomeres co-express two main titin isoforms of different length, a longer N2BA isoform and a shorter N2B variant. In this study, we compared the N2BA:N2B titin-isoform expression ratio in left ventricular samples of normal human hearts (n ¼ 8) to that of ischemic hearts from coronary artery disease (CAD) patients (n ¼ 8). By using low-percentage SDS-polyacrylamide gel electrophoresis and Western blotting, we demonstrate that CAD hearts contain higher relative amounts of N2BA titin than normal hearts. The titin-isoform shift coincided with modifications of cardiac troponin I indicating global ischemia and/or increased preload of the heart. Passive tension was then measured in isolated human cardiac myofibrils. Myofibrils from CAD hearts with high LVEDP showed a reduced passive-tension response to stretch, compared to myofibrils from human hearts with normal LVEDP. Immunofluorescence microscopy of tissue sections from both normal and diseased human hearts, using antibodies to titin and collagen, revealed increased collagen content and confirmed elevated N2BA-titin expression in diseased tissue. The Z-disk regions of myofibrils from ischemic hearts also showed increased desmin expression. We conclude that in ischemia-induced cardiomyopathy, expression of a more compliant titin isoform lowers the stiffness of myofibrils, whereas it is mainly the accumulation of collagen around myocytes that stiffens the heart tissue. Concerted modifications of titin and collagen expression in diseased myocardium are likely to reduce the ability of the heart to respond to higher diastolic stretch with increased active force generation. Nemaline myopathy (NM), a congenital neuromuscular disorder, is associated with poorly understood muscle weakness of predominantly proximal limb muscles. Experiments using a mouse model for NM showed that, compared with control mice, isometric muscle force was reduced at lengths shorter than optimum length (de Haan et al., 2001 , J Physiol 533P, 128P). Based on these results we hypothesised that muscle weakness in patients with NM may be length-dependent. The purpose of this study was to assess quadriceps muscle characteristics at various knee flexion angles in patients with NM. The study, approved by local ethical committee, included eight patients and four healthy controls (from the same family). Isometric knee extension torque was obtained during maximal voluntary contractions (MVCs) at 30°, 40°, 50°, 60°, and 70°knee flexion. To assess the effect of activation frequency on torque production at short and long muscle length, electrically evoked twitch and tetanic (10, 20, 50, 150 Hz) contractions were obtained at 60°and 30°knee flexion. Highest MVCs were obtained at smaller knee flexion angles in NM patients ($50°) compared with controls ($60°). Maximal isometric torques were considerably lower in the patients (65 AE 6% of controls), P < 0:05. At 60°the patients showed greater relative torques at low stimulation frequencies. For instance, with 10 Hz stimulation relative torques were 51 AE 5 and 19 AE 2% in patients and controls, respectively (P < 0:05). This finding could not completely be explained by the difference in relative muscle length because the relative torque of the patients at 30°w
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as still higher (30 AE 9%) than at 60°in the controls. The results indicate that changes in force-length characteristics can (to some extent) contribute to muscle weakness observed in patients with NM. The altered torque-frequency relationship in patients, irrespective of relative muscle length, may indicate a relatively high calcium-sensitivity at low stimulation but more likely an impaired excitationcontraction coupling at higher stimulation frequencies. Such an impairment would explain most of the weakness found in patients with Nemaline myopathy.
VI-2: Oral presentation 16 September, 16:15-16:30 Oculopharyngeal muscular dystrophy (OPMD): a paradigm to study protein aggregation disorders S. VAN The expanding group of protein aggregation disorders is characterized by subcellular dislocalisation and aggregation of mutant proteins. This group includes Alzheimer's disease, Huntington's disease, type II diabetes, primary and secondary systemic amyloidosis, Parkinson's disease and the spongiform encephalopathies. OPMD is clinically characterized by a late-onset dysphagia, ptosis and proximal limb weakness. Moderate expansions in the coding region of the poly-A binding protein (PABP2) are associated with OPMD. These small Alanine expansions cause the mutated protein to aggregate as intranuclear inclusion bodies, exclusively detected in skeletal muscle, which allows analysis of presymptomatic, early and late symptomatic tissue. Specific and sensitive detection of (mutant) PABP2 is necessary to obtain more insight in the pathology of OPMD, and protein aggregation disorders in general. For this purpose, we used a phagedisplay technique based on llama antibody fragments. Apart from classical antibodies, llamas also carry a single-domain heavy chain repertoire (VHH); antibodies that are devoid of light chains. The small variable domains of these single, heavy-chain antibodies display a high affinity and stability, which makes them eminently suited for phagedisplay applications. We used PABP2 as paradigm to study the functionality of the VHH antibody fragments in a series of immunological applications. Single, heavy-chain antibody fragments recognizing recombinant PABP2 were successfully isolated from a heavy-chain phage-display library and used for Western blot, immunocytochemical and immunohistological applications. Our results demonstrate that the selected llama antibody fragments uniquely detect PABP2 and can be used to study OPMD as a paradigm for protein aggregation disorders. aetiology remains elusive. DMPK shows high similarity to Rhobinding Ser/Thr kinases and is the most likely candidate to be involved in DM pathology. RT-PCR experiments showed that three major splice events (conserved between mice and man) generate the majority of mature DMPK mRNA isoforms [Groenen et al., 2000, Hum. Mol Genet 9: 605-616] . Two $68 kDa DMPK isoforms are mainly expressed in smooth muscle, whereas four $74 kDa DMPK isoforms are heart, skeletal muscle or brain specific. Alternative splicing results in different C-termini and the presence or absence of a VSGGGpentapeptide motif. Protein tagging and transfection studies with use of confocal laser scanning microscopy (CLSM) and immuno-EM showed that the different C-termini target DMPK to distinct organellar locations in the cell. VSGGG-containing DMPK isoforms consistently show a shift towards a higher molecular mass. This MW-shift is absent in DMPK kinase-dead isoforms, modulated by treatment with phosphatase inhibitors, but not dependent on the presence of the VSGGG-serine residue proper. We developed a kinase assay to study the effects of the VSGGG motif and other protein domains on the substrate specificity and activity of the DMPK protein. Expanded (CTG)n repeats may alter DMPK mRNA splicing and therewith influence DMPK isoform composition and mode of action. To establish the significance of this mechanism in normal muscle physiology and the pathobiology of DM manifestation we are currently studying the role of individual DMPK isoforms in the ÔnormalÕ intracellular environment of cells from neuro-muscular origin. Myotonic dystrophy type 1 (DM1), the most frequent muscular dystrophy in adults, is an autosomal dominant disorder due to the expansion of a trinucleotide (CTG) repeat in the 3¢-untranslated region of a gene encoding a serine/threonine protein kinase (DMPK). DM1 is a multi-systemic disease, although only few clinical features may be directly bound to the molecular defect in the DMPK gene. At least six DMPK isoforms produced by alternative splicing have been identified. Since the physiological role of DMPK is largely unknown, it would be useful to correlate isoform pattern, tissue specificity and biochemical properties. We have used several site-specific anti-DMPK antibodies, raised in rabbit and directed against synthetic peptides corresponding to different human DMPK domains. All of these anti-DMPK antibodies recognized a recombinant DMPK in Western blot and four of them resulted to be immunoreactive against a 85 kDa protein, in rat skeletal and cardiac muscle homogenates. Thus, we concluded that the 85 kDa protein was a genuine native form of DMPK. The DMPK C-terminal hydrophobic domain has been previously indicated as responsible for self-aggregation and membrane association. We found that the 85 kDa protein was largely present in a soluble form. On the other hand, the membrane-bound form of DMPK was easily removed by alkali-treatment, indicating that DMPK is a peripheral protein. DMPK is expressed at an extremely low level in all tissues including muscle, making difficult its identification in a two-dimensional gel electrophoresis. However, by loading a soluble fraction obtained from a slow muscle homogenate, onto an ion-exchange chromatography column we collected several fractions exhibiting immunoreactivity with anti-DMPK antibodies in Western blot. The total amount of protein of this pool fraction was less than 2% of the total protein, and DMPK was purified about 300-fold, as estimated by densitometry of the immunoblots. Following chromatography, the DMPK became detectable in a 2D SDS-PAGE by conventional protein staining procedures, making easier subsequent micro-chemical analysis (N-terminal microsequencing, amino acid composition analysis and fingerprint by mass spectrometry) and isolation by micropreparative procedures. This approach may be suitable for obtaining significant amounts of DMPK in its native form, as required for phosphorylation assay and protein-protein interaction studies. Charcot-Marie-Tooth (CMT) disease is an inherited peripheral motor and sensory neuropathy characterized by distal muscle weakness and atrophy, sensory disturbance of the distal limbs, diminished or absent deep tendon reflexes. CMT originates in the feet and lower legs, and progressing to the hands and forearms. The objective of this pilot study is to improve our understanding of the physiological changes in skeletal muscles in response to chronic denervation and reinnervation by studying the regulation of contractile speed both at the molecular and cellular levels by using an in vitro motility assay where myosin is extracted from single muscle fiber segments and single skinned muscle fibers in three forms of the CMT disease (CMT1A, CMT2 and CMTX). Percutanous muscle biopsies were taken from the tibialis anterior muscles in three patients of CMT1A (woman, 30 years), CMT2 (woman, 74 years) and CMTX (man, 57 years) respectively. The maximum velocities of unloaded shortening (V o ) in muscle cells expressing the type I myosin heavy chain isoform (MyHC) fibers from CMT1A patient were 1:13 AE 0:16 (n ¼ 22) vs. 0:50 AE 0:03 (n ¼ 48) muscle length/second (ML/s) in age-and gender-matched control group (P < 0:001); V o in the type I fibers from CMT2 patients were 1:92 AE 0:31 (n ¼ 20) vs. 0:45 AE 0:01 (n ¼ 129) ML/s in control group (P < 0:001); V o in type I fibers in CMTX was 1:98 AE 0:2 (n ¼ 12) vs. 0:54 AE 0:01 (n ¼ 54) ML/s in controls (P < 0:001). However, the molecular analogue of the maximum velocity of unloaded shortening at the cellular level, i.e., motility speed, did not differ between CMT patients and controls. The cross-sectional areas (CSA) of single muscle fibers expressing the type I MyHC measured at constant sarcomere length showed significant differences between different CMT patients and controls: in CMT1A average CSA was 2626 AE 135 (n ¼ 40) vs. 2895 AE 142 (n ¼ 58) lm 2 in controls; in CMT2 average CSA 4008 AE 167 (n ¼ 39) vs. 3088 AE 92 (n ¼ 134) lm 2 in controls (P < 0:01); in CMTX average CSA was 7552 AE 311 (n ¼ 43) vs. 3791 AE 113 (n ¼ 22) lm 2 in controls (P < 0:001). Further, branched fibers were frequently observed in CMT2 and CMTX patients, but not in the CMT1A patient or controls. In conclusion, a significant increase in contractile speed at the cellular but not at the molecular levels were observed in the CMT patients. Potential modulators of contractile speed at the cellular level which are not expressed in the in vitro motility assay will be discussed. Dilated cardiomyopathy (DCMP) is a disease characteristic of dilatation of the left or both left and right ventricles. Though DCMP aetiology remains obscure, it is obvious that this disease is autoimmune at least in some individuals (Caforio, 1994, Br. Heart J, 72: S50-S54) . Antibodies against various cardiac antigens are found in the serum of those individuals. We have found recently, that troponin complex isolated from the myocardium of DCMP patients is most immunogenic. We suggest that the high immunogenicity level of troponin complex at DCMP may result from certain, possibly conformational, changes of these proteins. Therefore the aim of this work was to find out possible structural and functional changes in cardiac troponin complex at DCMP. The tissue of the left ventricle of an individual perished either due to an accident (healthy cardiac muscle), or in the result of DCMP disease was used in our experiments. The effect of the troponin complex from healthy and DCMP-affected human cardiac muscle on the ATPase activity and Ca
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2+
-sensitivity of desensitized bovine cardiac actomyosin was studied. It is shown that troponin complex in the presence of tropomyosin restores the Ca 2+ -sensitivity of such reconstructed system by 42-55% depending on the preparation. Troponin complex from DCMP-affected human cardiac muscle increased the ATPase activity of desensitized actomyosin to a lesser extent but added to the reconstructed system more Ca 2+ -sensitivity as compared to troponin preparations from healthy cardiac muscle. The difference was statistically reliable. We suggest that these changes of functional properties of myocardial troponin complex at DCMP are caused by structural alterations of its subunits thus promoting the immunogenic properties by troponin in a DCMP affected individual. a-sarcoglycan is a membrane glycoprotein, component of the dystrophin complex. Its function is not known but its absence produces a severe dystrophy in man. Here we report data on a study performed on a-sarcoglycan knock out mice in order to evaluate whether the absence of the protein from sarcolemma affects the contractile properties and fatigue resistance of slow (soleus) and fast (EDL) skeletal muscles. Immunofluorescence analysis of muscles from a-sarcoglycan knock out mice confirmed the absence of the protein from sarcolemma, while the expression of other components of the dystrophin complex was only slightly affected. Both fast and slow skeletal muscles from asarcoglycan null mice presented a progressive muscular dystrophy.
VI-7: Poster presentation
Haematoxylin-eosin analysis of 2-month old mice showed that the majority of fibres display centrally placed nuclei. Other pathological signs included necrosis, regeneration, atrophy, hypertrophy and endomysial fibrosis. Contraction and half relaxation times of fast and slow muscles from a-sarcoglycan knock out mice were similar to those of muscles from control animals (C57BL/6J). Twitch and tetanic tensions were significantly reduced in the EDL from a-sarcoglycan null mice but not in the soleus. The force-frequency relationship of EDL muscle, but not of soleus, was significantly changed in the asarcoglycan null mice, similarly to what was reported in the mdx mice. A seven amino acid insert in the myosin heavy chain (MHC) near the nucleotide binding site produces two MHC isoforms, SMA (þ insert) and SMB (À insert). Using transgenic mice with a germline deletion of exon 5B in the smooth muscle MHC gene, we used bladder tissue, which endogenously expresses the SMA isoform (WT, +/+), and produced both a heterozygous knockout (+/À) and a homozygous knockout (À/À). The changes in SMA/SMB ratio occurred in the identical background. To determine the effect of this 7aa insert on the actomyosin ATPase, we measured the influence of free ADP and Pi on force and stiffness in Ca 2+ activated bladder strips. As a control, we observed stiffness and force changes at different Ca 2+ levels in wild type mice finding a nearly one to one ratio (force = 0.95 · stiffness), suggesting force per cross-bridge did not change for a change in Ca 2+ . In contrast, our studies indicate a preference for a higher force per cross-bridge population when exogenous nucleotide is introduced. Our results show when 10 mM free phosphate was added to fully activated bladder tissue; stiffness fell a greater amount than force in all three mouse strips. Stiffness and force decreases were as follows (stiffness, force), where 100% equals a fall to the baseline: +/+ (72 AE 8, 33 AE 5%); +/À (89 AE 8, 56 AE 6%); À/À (76 AE 6, 38 AE 5%). Similarly, when 5 mM ADP was added to fully activated bladder strips, force increased a greater amount than stiffness. Results were as follows, where 100% equals a doubling of the value at pCa4: +/+ (80 AE 32, 129 AE 51%); +/À (41 AE 12, 66 AE 18%); À/À (39 AE 8, 65 AE 10%). Overall, exogenous P i preferentially detaches non-force generating cross-bridges, whereas ADP preferentially attaches force generating ones. In general, both conditions increase the relative population of force generating cross-bridges. However, the extent of this increase may be dependent on the relative expression levels of SMA and SMB.
VII-2: Oral presentation 17 September, 9:45-10:00 Shortening induced deactivation in pig urinary smooth muscle E. VAN ASSELT, J.J.M. PEL and R. VAN MAS-TRIGT Sector Furore, Department of Urology, Erasmus University Rotterdam, 3000 DR Rotterdam, The Netherlands Aims of study: Previous studies in smooth and striated muscle have shown that active shortening causes depression of isometric force, the so called shortening induced deactivation 1980, Acta Physiol Scand 109: 15-26; 1996, Acta Physiol Scand 156: 483-487; 1997 J Appl Physiol 83(3) : 731-738. We investigated if shortening induced deactivation depends on shortening duration, shortening velocity or on the amplitude of the shortening. The stop test, in which all three parameters can be varied, was used to study this dependency. Methods: Four urinary bladders of pigs freshly killed in the local slaughterhouse were used. Eight muscle fibres (3 · 0.7 mm) were cut from the detrusor. Each fibre was clamped between two pairs of tweezers: one linked to a force transducer and the other to a length controller. The initial muscle fibre length (l init ) was defined as the length required to measure a passive force of $150 lN in response to a slight change in length. The muscle fibres were fixed at 200% of l init , called the stop length (l stop ). The fibres were electrically stimulated at a pre-set start length (l start ) during which the force increased to F max . Then, all fibers were shortened from l start to l stop with a shortening velocity (v) of 15, 25, 50, 75, 100 and 175 lm/s during 2 or 4 s. The maximum force, attained during ongoing stimulation after shortening, was denoted the recovery force, F rec . The total stimulation duration was 30 s. After waiting 5 min, the fibres were stimulated again for 14 s at l stop to establish the isometric force F iso at l stop . F rec /F iso was regarded as a measure for shortening deactivation. Analysis of variance was used to test if F rec /F iso depended on shortening velocity, shortening duration and/or amplitude of shortening (l start Àl stop ¼ velocity · duration). Results: We found a decrease in F rec /F iso with increasing l start Àl stop (the values varied from F rec /F iso ¼ 0.97 AE 0.11 (mean AE SD) at l start Àl stop ¼ 30 lm down to F rec /F iso ¼ 0.69 AE 0.09 at l start -l stop ¼ 700 lm). Analysis of variance showed that F rec /F iso depended only significantly on l start Àl stop (P < 0:05). When a correction for associated changes in l start Àl stop was applied, shortening duration or shortening velocity had no significant influence on F rec /F iso . Discussion: Shortening induced deactivation seems to depend on the amplitude of the shortening applied and not on its rate or duration. Since the stimulation duration during the first contraction and subsequent shortening was about twice the stimulation duration of the isometric contraction at l stop , we need to further investigate if this difference effected our results. Aims of study: Previous research suggested a role for intra-cellular calcium stores in the development of instable detrusor contractions. In order to determine the relevance of pathways in force development, in which intra-cellular stores are involved, the role of the calcium store inhibitors: ryanodine, thapsigargine and xestospongin C are investigated. Methods: Urinary bladder muscle strips from pigs were mounted in an organ bath and incubated in Krebs solution. Before and after treatment with ryanodine (80 lM), thapsigargine (50 lM) or xestospongin C (4 lM) respectively the strips were triggered with electrical field stimulation (EF) or acetylcholine (40 lM). Ryanodine blocks the ryanodine channel at the level of the sarcoplasmic reticulum membrane, the receptor responsible for the 'calcium induced calcium realease' (CICR). Thapsigargine inhibits the endoplasmic reticular CaATPase and the IP3 (inositol-tri-phosphate) mediated pathway. Xestospongin C inhibits the IP3 mediated calcium release specifically. Six strips were incubated with ryanodine, five strips with thapsigargine, and six with xestospongin C. Six control strips underwent the same stimulation protocol. We calculated the maximum force developed force (F iso ) and the rate of force development (time constant). Results: Using a paired t-test there was a significant reduction in force development in each treatment. Analysis of variance showed that treatment was a significant source of variance (P ¼ 0:018) in F iso during EF-stimulation. EF-stimulation led to 8.2% of initial force development in ryanodine, 5.7% in thapsigargine and 20% in xestospongin C. After stimulation with acetylcholine ryanodine showed a reduction of 7.7% of initial force development, thapsigargine 8.1% and xestospongin C 20%. Treatment with thapsigargine and xestospongin C were significant sources of variance in the time constant while treatment with ryanodine was not. The rate of force development became significantly slower after treatment with thapsigargine (P ¼ 0:01) and xestospongin C (P ¼ 0:036). Conclusions: Inhibition of the IP3 mediated intra-cellular pathway with xestospongin C and thapsigargine did decrease the rate of force development while ryanodine responsible for CICR did not. Analysis of the rate of force development appears to be a useful tool for the analysis of intracellular excitatory pathways. The understanding of these mechanisms and their time course can generate new ideas on the treatment of smooth muscle overactivity, for example in the detrusor. Studying the influence of calcium-free medium and of reticular calcium levels upon contractility in isolated aorta, we previously established detailed depletion protocols. The stores sensitive to a-adrenergic stimulation partially overlap with those mobilized by caffeine. We examined this aspect and the influence of extracellular magnesium in de-endothelised rat aorta rings in isometric conditions (bicarbonate buffer, oxygenated at 37°C, pH ¼ 7.2-7.4). Phenylephrine effects were observed in calcium-free saline solution (1 mM EDTA), when given at 30, 60, or 90°C incubation. We then examined the influence of caffeine (10 À3 M), ryanodine (10 À5 M) and various concentrations of magnesium (0-10 mM) upon the mentioned store-dependent contractions. The results are expressed as % of the submaximal response evoked by 10 À5 M phenylephrine in the same ring in the presence of normal extracellular calcium (mean AE SEM; n ¼ 6). The biphasic contraction in the absence of extracellular calcium is based upon two reticular compartments. The transient caffeine-sensitive response proved to be ryanodine-sensitive; the store is exhausted after calcium-free incubation with EDTA for 60¢, as also shown by others. The second component is sustained and caffeine-insensitive. It is abolished at 90¢ incubation as above, though not affected in the first 60¢ (P < 0:01). Potentiation of the mentioned contractions by low magnesium was confirmed, while increased magnesium lowered the ratio between the transient and the sustained response. It has been suggested that reticular compartments communicate at rest. We suspect that depletion of the caffeine-sensitive store leads to redistribution, favoring depletion of the other one. Functional tests in calcium-free medium proved still useful, including the study of reticular compartments. Magnesium effects upon smooth muscle contractility are relatively well characterized, yet this study brings particular evidence regarding the influence of extracellular magnesium upon the depletion of reticular calcium compartments in standardized conditions. 4 Cardiac Medicine, National Heart and Lung Institute, Dovehouse Street, SW3 6LY, UK Phorbol ester PDBu induces tonic smooth muscle contraction that is associated with activation of mitogen-activated protein kinases (MAPKs) and phosphorylation of caldesmon at MAPK sites. Using phospho-and site-specific antibodies we assessed phosphorylation kinetics of these proteins. In intact rat aorta rings, PDBu stimulated both p42/p44erk1,2 and p38 MAPK activity by 2-3-fold and increased the phosphorylation of the regulatory Ser759 of caldesmon 4-5-fold. Treatment of tissue by forskolin caused relaxation associated with inactivation of p42/p44erk1,2, but not p38 MAPK, and concomitant decrease in Ser759 phosphorylation to basal levels. Neither PDBu, nor forskolin significantly affected phosphorylation of Ser789, the other MAPK site in mammalian caldesmon. In intact chicken carotid arterial rings, caldesmon was also found predominantly phosphorylated by MAPK; however, the phosphorylation sites only partially matched those in the mammalian protein. As revealed by 2D-phosphopeptide mapping, the chicken Ser702, equivalent to mammalian Ser759, was slightly phosphorylated and stimulated by PDBu, while the major phosphorylation in response to PDBu occurred at the closely located Thr673 (equivalent to mammalian Thr730). The phosphorylation of Thr673 by MAPK in vivo and in vitro was confirmed by the phosphopeptide sequencing, phosphorylation of corresponding synthetic peptide of caldesmon and 2D-phosphopeptide co-mapping. No other caldesmon sites phosphorylated by MAPK in vivo was found in chicken tissues, consistent with absence of a phosphorylatable residue equivalent to mammalian Ser789 in chicken caldesmon sequence. Thus, MAPK-mediated phosphorylation of caldesmon within its actin-binding and inhibitory region correlates with sustained contraction and relaxation of tonic smooth muscle.
Supported by RFBR and the Wellcome Trust grants. Caldesmon has been shown to be an allosteric-cooperative inhibitor of actin-tropomyosin filament activity. Most of the actin binding and inhibitory property of caldesmon is located at the extreme C-terminal 100 amino acids, domain 4b. The solution conformation of caldesmon domain 4b is essentially an unstructured chain containing short stable segments. The two actin binding sites site B (746INEWLTKT) and B¢ (777RLWEKQ) are linked by an extended trans-X-Pro sequence Ser759-Pro-Ala-Pro-Lys-Pro and a well defined b-turn 770Gly-AspVal-Ser that impose an overall fold. To investigate the role of the structural elements of the linker we studied mutants PAP-KP > GGGGG (trans-x pro), GDVS > GGGG (turn), Ser 759> Asp (MAPK phosphorylation site) and DWLTKT > PGHYNN (actin binding site B). Surprisingly, all four gave similar levels of Atm inhibition approximately 30% of wild-type, however when inhibition was related to the amount of peptide bound to actintropomyosin we found that all the mutants inhibited non-cooperatively (i.e. 1 mol peptide bound/mole actin required for full inhibition compared with <1/7 for the wild-type domain 4b). NMR analysis showed that the mutants caused correlated changes in domain 4b structure and upon its interaction with actin (a weakening of both sites affinity, but more markedly of site B). Thus disruption of site B or the linker results in a new inhibitory state where two point binding is present but weakened. We further found that MAP kinase phosphorylation caused structural changes in the linker that fully dissociated site B from actin; with single point binding the inhibitory function was abolished. Finally we note that the Caldesmon peptide H2 (see abstract by Borovikov) binds to actin only through site B (B' is missing) and can activate actin-tropomyosin cooperatively. These findings are rationalised by a model in which the structure of the linking peptide of domain 4b is essential for correct positioning of the contact sites B and B'. Only strong binding of both sites to actin is capable of inducing cooperative transitions to the off state; if the binding is weakened cooperative inhibition is not possible. If binding is through site B' only CaD does not distinguish between on and off states and if binding is through site B alone CaD preferentially binds to the on state of actintropomyosin. Caldesmon is a component of the thin filaments of smooth muscles where it is believed to play an essential role in regulating the thin filaments' interaction with myosin and hence contractility. We studied the effects of caldesmon and two recombinant fragments CaDH1 (residues 506-793) and CaDH2 (residues 683-767) on the structure of actin-tropomyosin by making measurements of the fluorescence polarisation of probes specifically attached to actin. CaDH1, like the parent molecule caldesmon, is an inhibitor of actin-tropomyosin interaction with myosin whilst CaDH2 is an activator. The F-actin in permeabilised and myosin free rabbit skeletal muscle 'ghost' fibres was labelled by TRITC-phalloidin or FITC at lysine 61 and fluorescence polarisation measurements were made. The angles between the fiber axis and the absorption and emission dipoles, the angle between the Factin filament axis and the fiber axis and the relative number of randomly oriented fluorophores were calculated. Actin-tropomyosin interaction with myosin subfragment-1 (S-1) induced changes in the parameters of the polarised fluorescence that are typical of strong binding of myosin to actin and of the 'on' conformational state of actin. Caldesmon and CaDH1 (as well as troponin in the absence of Ca 2+ ) diminished the effect of S-1, whereas CaDH2 (as well as troponin in the presence of Ca 2+ ) enhanced the effect of S-1. Thus the structural evidence correlates with biochemical evidence that Cterminal actin-binding sites of caldesmon can modulate the structural transition of actin monomers between 'off' (caldesmon and CaDH1) and 'on' (S-1 and CaDH2) states in a manner analogous to troponin.
VII-7: Poster presentation
Supported by RBRF (01-04-49310) and INTAS (2001-516 The effect of avian heat shock protein with molecular weight 25 kDa (hsp25) and its three mutants mimicking phosphorylation on heat induced aggregation and polymerization of actin was studied. All forms of hsp25 studied partially or completely prevented aggregation of actin induced by heating and the efficiency of the chaperone effect increased in the order tissue hsp25 ¼ wild type recombinant hsp25 < 2D (S78D + S82D) mutant <1D (S18D) mutant <3D (S18D + S78D + S82D) mutant. Actin aggregation was completely prevented by the 3D mutant at the molar ratio hsp25/actin equal to 2. Effect of hsp25 on polymerization of actin was studied by ultracentrifugation, pyrenil fluorescence of labeled actin and electron microscopy. Hsp25 or its mutants did not affect the critical concentration of actin polymerization, but slightly decreased the rate and the extent of intact actin polymerization. 2D and 3D mutant were equally effective and exhibited larger effect on the actin polymerization than the tissue or recombinant wild type hsp25. Heat shock proteins do not affect the structure of actin polymers visualized by electron microscopy. Short time heating of actin at 43°C was accompanied by the change in the environment of Trp residues of actin, increase in the resistance to proteolysis and interaction with hydrophobic probe ANS. The rate and the extent of polymerization of this partially denatured actin was reduced comparing intact actin. Hsp25 (and especially its 3D mutant) increased the rate and the extent of polymerization of this partially denatured actin. It is concluded that the interaction with hsp25 strongly depends on the minor changes in the structure of actin and that depending on conditions hsp25 may inhibit or promote actin polymerization. Hsp25 mutants mimicking phosphorylation are more effective in preventing of actin aggregation and affecting actin polymerization.
This Sustained contraction of smooth muscle is associated with activation of mitogen-activated protein kinases (MAPKs), increased phosphorylation of myosin light chain kinase (MLCK) and the kinase-related protein telokin (KRP), and with elevated phosphorylation of myosin regulatory light chains. Multiple common sites of MLCK and KRP are preferentially phosphorylated in intact tissue. In vitro, one of such sites is phosphorylated by PKA (Ser827 in MLCK and Ser12 in KRP) and a second site is phosphorylated by MAPK (Ser833 in MLCK and Ser18 in KRP). To monitor the in vivo phosphorylation of MLCK and KRP we produced and characterised phospho-specific antibodies to each site. Using these and phosphorylation-independent antibodies we determined that up to 30% of endogenous KRP and about 10% of MLCK are phosphorylated at each site in unstimulated smooth muscle. Forskolin increased phosphorylation of both proteins only at the PKA site, whereas phorbol ester stimulated phosphorylation at both the PKA and MAPK sites. We further hypothesised that phosphorylation may alter intracellular interactions of MLCK and KRP. Extraction of phosphorylated KRP/MLCK from unstimulated rat ileum has been compared to that of the total proteins. We found that 65% of KRP and almost all the phosphorylated protein were washed out by 0.5% Triton X-100 and either 20 mM or physiological (140 mM) ionic strength, while the remaining unextracted KRP was all unphosphorylated. Similarly, up to 30% of total MLCK including all the phosphorylated MLCK were soluble under these conditions, while 70% MLCK that remained tightly bound was unphosphorylated. Similar results were obtained for MLCK and KRP phosphorylated at either PKA or MAPK sites. Immunofluorescent images of human lung fibroblasts expressing only MLCK, but not KRP further showed that MLCK is mostly associated with stress fibers, whereas PKA-phosphorylated MLCK is diffusely distributed throughout the cytosol. We conclude that phosphorylation of KRP and KRP-domain of MLCK attenuates their interactions with the contractile/cytoskeletal targets and thus may affect intracellular mobility of MLCK and smooth muscle contractility.
Supported by RFBR, the Wellcome Trust, HHMI and FIRCA grants. -sensitivity of vascular smooth muscle contraction has been attributed to inhibition of myosin light chain phosphatase (MLCP) mediated by phosphorylation of the regulatory subunit of MLCP, MYPT1, and of the MLCP inhibitor peptide CPI-17. Protein kinases catalyzing phosphorylation of MYPT1 and CPI-17 include PKC, Rho-associated kinase (ROK) and a ZIPlike kinase. The agonist-induced sensitization in phasic ileal smooth muscle can be mimicked by thiophosphorylation of MYPT1 (Pfitzer et al., 2001, J Physiol 533: 651-664 ). Here, we tested whether thiophosphorylation-induced sensitization in a tonic vascular smooth muscle is mediated by ROK or PKC. Incubation of b-escin permeabilized guinea pig renal arteries with ATPcS (2 mM) and ML-9 (300 lM) at pCa < 8, conditions which do not activate MLCK, induced an increase in Ca 2+ -sensitivity of subsequent Ca 2+ -activated force: the pCa 50 values before and after treatment with ATPcS were 5.75 and 6.29 respectively. There was also an increase in maximal force by 25% and a significant decrease in the rate of relaxation which is in line with the notion that under this condition MLCP activity is inhibited. All contractile parameters were inhibited by high concentrations of the non-specific kinase inhibitor, staurosporine, but not by specific inhibitors of PKC or ROK. In contrast, agonist-induced sensitization was inhibited by the ROK inhibitor, Y27632. In contrast to the ileal smooth muscle the ATPcS-induced sensitization was associated with thiophosphorylation of both MYPT1 and CPI-17 and several other protein bands. Staurosporine but not a cocktail of Y-27632 and the PKC-inhibitor peptide prevented thiophosphorylation of CPI-17 and MYPT1. Thus treatment with ATPcS unmasks a sensitizing pathway not related to the Rho/ROK or PKC pathway. The responsible kinase may act in parallel or downstream of ROK and PKC. Since both MYPT1 and CPI-17 are substrates of ZIP-like kinase, which is detected in our preparations with specific antibodies, it is tempting to speculate that thiophosphorylation-induced sensitization is mediated by this kinase.
VII-13: Poster presentation
The inhibitory oxytocin-carbachol interaction in isolated rat myometrium I.L. SERBAN, D.N. SERBAN, S.M. SLATINEANU and G. PETRESCU Department of Physiology, University of Medicine and Pharmacy 'Gr. T. Popa' Iasi, Universitatii 16, Iasi, RO 6600, Romania
Acetylcholine released from vagal nerve-endings and oxytocin of retrohypophysary and sincytiotrophoblastic origins are endogenous contracting agents of the uterine smooth muscle. However, the relationship between vagal tone and the action of oxytocin has not been investigated in detail. Uterine horn fragments from virgin female rats were studied in isometric conditions (oxygenated saline, bicarbonate buffer, pH 7.2-7.4, 37°C). Drugs were given as single doses in preparations devoid of spontaneous contractile activity. Reference submaximal contractions were induced by 10 À5 M carbachol (CAR). All results are expressed as % mean active force and % mean frequency from reference values (mean AE SEM; n ¼ 6). CAR induces contractions of sustained amplitude and frequency (mean values for a 5¢ interval at 5¢ from onset: 15.4 AE 2.2 mN/g and 27.1 AE 4.4 mHz). At a submaximal concentration of 50 nM oxytocin (OXY) initially has a similar effect in terms of amplitude (125.4 AE 3.8%) and frequency (97.8 AE 3.9%) but both decrease rapidly, until contractions disappear (in 1672 AE 29¢¢); EC50 $0.27 nM for mean active force during the first minute from contraction onset. In the presence of OXY, after the disappearance of contractions, CAR has no effect whatsoever. Above 10 nM OXY shows dose-dependent inhibition of the CAR effects: administered in the presence of CAR it has no additional contractile effect, but induces rapid complete inhibition (in 584 AE 23¢¢ for 50 nM OXY). Excess CAR (0.5 mM) does not restore the contractile response. Depolarization by 60 mM K + abolishes the CAR phasic activity, with a plateau at 62.4 AE 4.9%, not influenced by OXY. Complete CaL block by D600 10 À5 M prevents all the above. It is known that CAR and OXY transiently increase cytosolic Ca 2+ from extra-and intra-cellular sources with a partial CaL dependence of IP3 generation. We suspect OXY-CAR inhibition to be the result of heterologous desensitization at the G protein level, but we first investigated the influence of CaL manipulation. At this stage we may speculate that CaL fluctuations are essential for both the uterine phasic contractions and the OXY-CAR reciprocal inhibition, which is probably the effect of OXY. Due to the lack of in vivo data we cannot comment on the physiological relevance.
SESSION VIII: EXERCISE AND GENE EXPRESSION VIII-1: Oral presentation 17 September, 13:00-13:30 Effects of exercise on gene expression in muscle G. GOLDSPINK Royal Free and UCL Medical School, University of London, Rowland Hill St. London NW5 2PF, UK Muscle has an intrinsic ability to adapt to a different work regimes by changing fibre type and muscle mass. This process involves quantitative and qualitative changes in gene expression including those of the myosin heavy chain isogenes which encode different types of molecular motors. Differential expression of metabolic genes results in altered fatigue resistance and power output. Recently, there has been some insight into how oxidative metabolism as well as slow myosin expression are co-regulated and the role of calcium in initiating switches in gene expression. In relation to muscle mass it has been appreciated that local as well as systemic regulation are important. Our group have cloned three spice variants of IGF-I which are derived from the IGF-I gene by alternative splicing in human muscle. The expression of one of these that appears to be an autocrine/paracrine splice variant is only detectable after mechanical stimulation. For this reason it has been called mechano growth factor (MGF) and also to distinguish it from systemic IGF-I as it has different exons, is not glycosylated, and has a shorter half life in the unbound state to the systemic or liver type IGF-I Ea. As the result of a reading frame shift the MGF peptide has a different C terminal sequence that recognises a muscle specific binding protein and is thus retained within the muscle. Interestingly, the C terminal peptide has been found to act as a separate growth factor and to activate mononluceated myoblasts (satellite cells). Blocking the IGF-I receptor does not interfere with this function. Our physiological experiments show that stretch and particularly stretch combined with electrical stimulation rather than stimulation per se are important in inducing MGF expression. The mechanotransduction mechanism is believed to involve the dystrophin complex as dystrophic muscle, unlike normal muscle, is unable to express MGF in response to overload. Also the ability to express MGF has been found to decline markedly during ageing. Satellite cells are known to be required for muscle repair and for hypertrophy. They are less numerous in dystrophic muscle and become depleted during ageing. The deficiency in expressing MGF in dystrophic and aged muscles would explain why muscle mass is not maintained in these situations. Recent studies suggest that IL-6 is produced locally in working skeletal muscle and can account for the exercise-induced increase in plasma IL-6 during exercise. We have demonstrated that the transcription rate for IL-6 in muscle nuclei isolated from muscle biopsies during exercise is very fast and further enhanced when muscle glycogen content is low.
We have also recently shown that cultured human primary muscle cells are capable of increasing IL-6mRNA when incubated with the calcium ionophore ionomycin. Therefore, it is likely that myocytes produce IL-6 in response to muscle contraction and accounts for the exercise-induced increase in plasma levels of this cytokines. The biological roles of muscle-derived IL-6 have been investigated in studies, where human recombinant IL-6 was infused into healthy volunteers to closely mimic the IL-6 concentrations observed during prolonged exercise. Using stable isotopes, we have demonstrated that physiological concentrations of IL-6 clearly induce lipolysis. Although, we are yet to determine the precise biological action of muscle-derived IL-6, our date support the hypothesis that the role of IL-6 release from contracting muscle during exercise is to act in a hormone like manner to mobilize extracellular substrates and/or augment substrate delivery during exercise. Previous studies have shown that IL-6 inhibits the production of TNF from LPS-treated monocytes and that TNF levels are elevated in anti-IL-6 treated mice and in IL-6 deficient knock-out mice. To test the hypothesis that muscle-derived IL-6 would inhibit the production of TNF, we recently exposed normal healthy volunteers to a small bolus of E. Coli endotoxin (LPS) following either rest, 3 h of exercise or 3 h of rhIL-6 infusion. The results showed a 3-fold increase in plasma TNF in response to LPS administration in vivo in the resting group, whereas physical exercise as well as rhIL-6 totally inhibited the TNF production. These data further support the idea that muscle-derived IL-6 may inhibit the production of TNF and thereby inhibit insulin resistance (Pedersen BK and Hoffman-Goetz L, 2000 Chronic obstructive pulmonary disease (COPD) is mainly characterized by non-reversible airway obstruction and can lead to exercise limitation, which has been attributed to both ventilatory impairment and muscle dysfunction. The latter can be influenced by different local and systemic factors, such as the level of activity (respiratory muscles are chronically overloaded while lower limb muscles are chronically underloaded), oxidative stress, inflammation and drug effects. The phenotype of a particular muscle would be the result of the interaction between different factors in each distinct anatomic location. The main respiratory muscle is the diaphragm. Pulmonary hyperinflation occurs in COPD resulting in diaphragmatic shortening and the subsequent decrease in muscle force. However, some adaptation actually occurs since for a particular lung volume the diaphragm of COPD patients is able to develop even more strength than that of normal subjects. This adaptation includes structural and metabolic remodelling: upregulation of the gene encoding the slow isoform of myosin heavy chain (MyHC-I), increases in the proportion of type I fibres, as well as in capillary and mitochondrial densities and shorter sarcomere. However, these changes are associated with downregulation of the gene encoding the insulin-like growth factor 1 (IGF-1) and increased susceptibility to damage. Conversely, the external intercostal exhibits an increase in the expression of genes encoding fast MyHC isoforms and capillary density, preserving the activity of local oxidative enzymes. In contrast, lower limb muscles of COPD show what can overally be considered as involutive changes. On one hand, fibres become smaller and switch to a type II predominance, due to the downregulation of MyHC-I gene. On the other hand, capillary density and oxidative enzyme capacity are reduced. In addition, inflammatory mediators (such as TNF-a) appear to be locally expressed. This phenomenon is associated with rised cytokine levels in blood and probable mismatching in muscle redox status. In this regard, changes in the regulation of constitutive nitric oxide synthases (NOS) have been recently described in the quadriceps muscle of COPD patients. Interestingly, some of the changes abovementioned for lower limb muscles are much less evident in upper limb muscles, suggesting that local (i.e. level of activity, local inflammation) rather than systemic factors (i.e. systemic imflammation, malnutrition, co-morbidity, ageing, gas exchange abnormalities, drugs) are determinant in the final phenotype of peripheral muscles in COPD patients. In summary, respiratory muscles predominantly undergo structural adaptive changes whereas lower limb muscles suffer 'involutive' transformation in COPD. MyoD, myogenin, myf-5 and MRF4/myf6, the myogenic regulatory factors (MRF), constitute a four-member family of basic helix-loophelix transcription factors that are very important for guiding the development from myoblasts into skeletal muscle fibres. Their role in development is well characterised, whereas their function in the adult muscle is much less clear. The promoter of many, if not all, muscle specific genes contains recognition sites, E-boxes, for the MRFs and it is believed that the MRFs are important for the basal expression of the muscle specific genes in the adult muscle. However, the distribution of the different MRFs is not uniform among the different muscle and fibres types suggesting that they also play a role in determining the metabolic and contractile properties of the fibres. Furthermore, stimuli that can alter the muscle phenotype like exercise and inactivity, also affects the expression level of the MRFs indicating that they are not only involved in maintaining basal expression. However, the investigation of the MRFs in adult muscle is complicated by the fact that the adult muscle contain quiescent myoblasts (satellite cells), which can be activated and undergo the developmental program to produce new myotubes or increase the number of myonuclei in existing fibres. During this process the satellite cells express far higher levels of the MRFs than the mature fibres thereby masking the signal from the mature fibres. On the other hand, the satellite cells may also play an important role in the determination of the fibre type. In this presentation, I will summarise our current knowledge of the role of MRFs in the adult muscle. ] i ) was measured using the Fura-2 AM fluorescence method. After an electrostimulation period of 24 h we found the following: (1) increase in MHC I and decrease in MHC IId mRNA levels suggests that stimulation for only 24 h was sufficient to start the transformation process; (2) after 24 h of stimulation NFATc1 was highly accumulated in the nuclei, indicating the activation of the calcineurin pathway; (3) however, no increase in resting [Ca 2+ ] i was found after 24 h of stimulation. We conclude from this that the calcineurin/NFATc1-mediated fast-to-slow transformation at the MHC level is induced by the series of short, rapid calcium transients associated with excitation-contraction coupling, rather than by a continuous elevation of resting [Ca 2+ ] i . Electrostimulation for 7 or 14 days led to an pronounced change in MHC mRNA expression, and in addition resulted in an increase in resting [Ca 2+ ] i by around 50%.This delayed long-lasting elevation of resting Ca 2+ observed after several days may serve to trigger other elements of fast-to-slow transformation such as metabolic adaptation. The study was purposed to reveal the impact of afferent inputs in maintaining structure and myosin heavy chain (MHC) isoforms of soleus fibers subjected to simulated hindlimb unloading. Male Wistar rats were distributed between three groups, which included cage control (C, n ¼ 6); hindlimb suspended intact rats (HS, n ¼ 7) and hindlimb suspended deafferentated rats (HSD, n ¼ 6). Deafferentation was made by means of removal of 3-4 mm of dorsal roots including ganglion at levels L7, L6 and L5. After 14 days of exposure all the rats were sacrificed by means of Nembutal overdosage. The significant reduction in muscle soleus weight and fiber CSA were revealed in all hindlimb suspended rats as compared to control. However, in HS rats the percentage of fibers, expressed slow MHC was diminished and of those contained fast MHC increased as compared to C group (P < 0:05). The percentage of fibers with slow MHC in HSD rat fibers was higher than that in HS and C group (P < 0:05). The quantity of fibers which contained fast MHC in HSD rat tended to be also higher than in C group. It is concluded that reduction in afferent input from suspended extremity leads to increase in number of fibers, which contained slow MHC, and those, which contained fast MHC as well. Since the MHC expression in muscle fibers is controlled via neuromuscular activity patterns, we may suppose that those patterns in rats exposed to hindlimb unloading vs. reduction in afferent input are not similar. Strain is an important factor in the regulation of the number of sarcomeres in series in vivo. We previously found that, at low and high fibre strain (Jaspers et al., 2001, J Physiol 533: 133P) the number of sarcomeres in series of mature, single Xenopus laevis muscle fibres was not changed during long-term culture (Lee-de Groot and van der Laarse, 1996, J Muscle Res Cell Motil 17: 439-448). We quantified mRNA content in serial sections of cultured muscle fibres at low strain in order to test (1) whether breakdown of sarcomeres is prevented by enhanced mRNA transcription due to insulin in the culture medium, and (2) whether high strain enhances mRNA expression. Fibres were cultured for 4 to 5 days at low strain ($15% below passive slack length) in low (50 pg/ml) and high (1 lg/ml) [insulin] culture medium, as well as at high strain ($5% above passive slack length) in high [insulin] medium. After culture, in situ hybridisation using biotinlabelled oligonucleotide probes for a-skeletal actin, myogenin and myoD, followed by tyramide signal amplification, reveals high absorbance signals in and around the myonuclei. The hybridisation signals were quantified by determination of the spatially integrated myonuclear absorbance. The data were normalised by the a-skeletal actin hybridisation signal in control muscle sections. The myonuclear mRNA content for a-skeletal actin, myogenin and MyoD was either similar or smaller than the value in freshly frozen control muscle sections. High [insulin] increased the myonuclear a-skeletal actin mRNA content, whereas strain during culture had no effect on askeletal actin mRNA content. After culture at high strain the myonuclear myogenin mRNA content was similar to control, whereas at low fibre strain, myonuclear myogenin mRNA content was reduced in low-and high-insulin medium. Myonuclear MyoD mRNA content was not changed in culture at high [insulin] and strain. Although high strain and [insulin] may stimulate expression of mRNA, the mRNA levels of the muscle-specific mRNA's tested did not exceed mRNA control levels. Therefore, enhanced mRNA expression leading to addition of sarcomeres during culture is not induced by high strain. At low strain, insulin may partially inhibit the reduction of the number of sarcomeres. It is concluded that additional factors, other than strain and [insulin], must also be involved in the regulation of the number of sarcomers in mature muscle fibres in culture. 2 Imperial College London, Cardiac Medicine, NHLI, Dovehouse Street, London SW3 6LY, UK Skeletal muscle undergoes hypertrophy in response to mechanical stretch in vivo. This is accompanied by the induction of genes coding for 'slow' isoforms of a range of contractile proteins whilst the muscle adjust to its new length. Although several agonists including IGF-1 isoforms are known to activate muscle fibre hypertrophy our understanding of how hypertrophy and fibre type shift are independently regulated and interact is limited. In order to extend our knowledge of the key intracellular regulators of muscle fibre hypertrophy we used subtractive hybridisation to identify a panel of differentially expressed mRNAs in mouse tibialis anterior muscle subjected to stretche/ immobilisation in vivo for 7 days. We have so far identified 18 novel and 13 known transcripts exhibiting significantly increased expression in response to stretch. One of these novel transcripts TA553 encodes a putative peptide containing a predicted SPRY domain. SPRY domains are found in over 300 proteins though its function is yet to be determined. The closest homologues of TA553 are the 'midline' and RET families of transcription factors. TA553 is expressed in a range of fast and slow skeletal muscles of as well as in tongue and heart. It is at extremely low levels in the liver. We hypothesise that TA553 has an important role in phenotypic adaptation of skeletal muscle in response to mechanical stretch in vivo and may also fulfil a similar function in other contractile tissues including the heart. VIII-10: Poster presentation Decreased myoglobin concentration in intercostal muscle fibres of rats suffering from monocrotaline-induced ventilatory insufficiency M.J.C. SCHOORL, B.J. VAN Monocrotaline induces pulmonary hypertension, leading to right ventricular dysfunction and ventilatory insufficiency. We hypothesize that intercostal muscle fibres in monocrotaline-treated rats increase their myoglobin concentration to adapt to hypoxemia (Reynafarje, 1962 , J Appl Physiol 17: 301-305; van der Laarse et al., in press, J Muscle Res Cell Motil). Two male Wistar rats (body weight 180 g) were injected subcutaneously with 40 mg monocrotaline per kg body weight. Two untreated rats served as age-matched controls. After 2 or 4 weeks the intercostal muscles were dissected. In individual fibres of the externus and internus muscle we determined cross-sectional area, succinate dehydrogenase activity (van der Laarse et al., 1989, J Muscle Res Cell Motil 10: 221-228), the number of capillaries per muscle fibre (Madsen and Holmskov, 1995, Eur J Appl Physiol 71: 472-474 ) and the myoglobin concentration (Lee-de Groot et al., 1998, J Histochem Cytochem 46: 1077-1084). The succinate dehydrogenase activity was inversely related to the cross-sectional area of the fibres in all muscles, i.e. the product of cross-sectional area and enzyme activity was fairly constant in each muscle. A similar inverse relationship was found between the myoglobin concentration and cross-sectional area of the fibres in each muscle. Spatially integrated succinate dehydrogenase activity and myoglobin concentration were analysed using three-way ANOVA with replication. Analysis of succinate dehydrogenase activity (n ¼ 8 fibres per muscle) detected significant first-order interactions for muscle · time, muscle · treatment and time · treatment (P < 0:01). Spatially integrated myoglobin concentration (n ¼ 8 fibres per muscle) showed significant differences in the first-order interactions muscle · treatment and time · treatment (P < 0:002). The number of capillaries per fibre (n ¼ 3 samples per muscle) differed between the external (mean 1.6 AE SEM 0.1 capillaries per fibre) and internal (1.8 AE 0.2) intercostal muscles (P < 0:05), but treatment or time effects were not present. The second-order interactions were not significant. The results confirm intercostal muscle wasting in monocrotaline-treated rats. Contrary to the expected increase in myoglobin concentration, we have found a decrease which is muscle and treatment-time dependent. Skeletal muscle size varies substantially between different mouse strains. For instance, hindlimb muscles such as the soleus, tibialis anterior (TA), extensor digitorum longus (EDL) and gastrocnemius of C57BL6J (B6) mice are 11-25% bigger in males and 14-33% bigger in females than in the corresponding gender from DBA/2 (D2) mice. The aim of this project is to improve our understanding of the genetic basis for the difference in muscle size. To address this, we have used two kinds of crosses of B6 and D2 mice: (1) 400 of F2 mice derived from B6 and D2 strains, where each mouse has a unique genetic pattern inherited from the parental strains, and (2) 21 recombinant inbred strains (BXD) including a total of 528 mice in total, each strain having a unique genetic combination from B6 and D2 progenitors. Soleus, TA, EDL and gastrocnemius muscles of the right hind limb were dissected, weighed, frozen and stored for further analysis. The weight of all four muscles differed significantly among BXD strains in both males and females suggesting the presence of a genetic influence. For instance, 40-50% between strain differences were observed in the soleus and EDL muscle weights among females and males (Figure 1 ). The type of strain distribution pattern seen in Figure 1 indicates a polygenic influence on muscle weight. The same kind of genetic control was also supported by muscle weight distribution in F2 cross, which appeared to be normal for all four muscles.
VIII-
VIII-9: Poster presentation
VIII-11: Poster presentation
We conclude that difference in mice muscle weight is an outcome of a polygenic system. Quantitative trait analysis will be applied to determine linkage between genotype and muscle weight.
VIII-12: Poster presentation
Characterising a growth factor expressed locally in exercised muscle S.Y. YANG and G. GOLDSPINK Royal Free Campus, Royal Free and University College Medical School, University of London, Rowland Hill Street, London NW3 2PF, UK Although early embryonic differentiation of muscle has been fairly extensively studied, little is known about the control of post-embryonic muscle growth despite its importance in animal production, human medicine and athletic performance. However, there is a growing appreciation that as well as systemic regulation, there is local control of growth that is dependent on tissue activity. This is borne out by the fact that if a particular muscle is exercised it is mainly that muscle that undergoes hypertrophy rather than all the muscles of the body. However, the molecular mechanism of inducing local muscle hypertrophy in response to mechanical activity was unknown. We have recently cloned a growth factor expressed by active muscle termed mechano growth factor (MGF). This is a splice variant of the IGF-I gene in which there is a frame shift that results in a novel C terminal sequence. To establish if MGF has a local rather than a systemic action, its cDNA was sub-cloned into an expression vector and injected into the anterior tibialis muscle of mice. This resulted in an increase in muscle mass of approximately 20% within 2 weeks and a similar increase in the mean cross-sectional area of the muscle fibres. A specific antibody to MGF was generated and used to detect a specific binding protein present in skeletal muscle, which mass spectrometry showed to be creatine kinase MM. This apparently stabilises and retains this growth factor within the muscle fibres except when local damage occurs. In addition to the IGF-I anabolic effect, experiments in which MGF cDNA was introduced into myoblasts showed that MGF also induces proliferation of mononucleated muscle cells. Stem cells of this type are required to donate additional nuclei for maintenance and increase in muscle mass. Conclusion: MGF is designed as a local repair factor and its elevated expression results in muscle hypertrophy as well as cellular repair. 
